
r c, AND 


A McGRAW-^IlL 
PUBLICATION' t 



*High-Yield A-286 "Tensilized" Bolts by Voi-Shan 

Today's aerospace fastening requirements demand a new dimension in metallurgical capability: Voi-Shan's 
"TENSILIZED" bolt series is the result of technological research and development expressly designed to meet this 
urgent need. Using A-286 and other super alloys, Vol-Shan's exclusive methods of manufacture offer these bolts at 
greatly increased strength levels with *HI-Y (significantly higher than the typical 80% yield-tensile ratio). ■ These 
bolts offer excellent mechanical properties through high and low temperature ranges. CRYOGENIC properties 
considerably exceed room temperature properties. Superior performance is further guaranteed by unusual resist- 
ance to corrosion in SALT WATER and other difficult aerospace environments. To make your fastening system 
complete Voi-Shan also offers mating locknuts for all of these super alloy bolts. 


VOI-SHAN MANUFACTURING COMPANY 

A DIVISION OF VOI-SHAN INDUSTRIES, INC. 

8463 HIGUERA STREET, CULVER CITY, CALIFORNIA 
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BENDIX- PAC I F I C at work in space communications 

Compact and reliable, the Bendix-Pacific Series 300 Telemetry solid state, sub-miniature, modular com- 
ponents have set new performance standards in space communications. Behind the Series 300 is the 
"imagination plus" of Bendix-Pacific. ..creative engineering and over 16 years' experience In telemetry 

In this field. Now at work on virtually every major U.S. space vehicle, Bendix-Pacific Division 
Bendix-Pacilic telemetry components are another example of the broad capabilities 
which have made Beridix-Pacific a leading supplier of equipment and systems for 
Airborne Radar, Data Handling, Guidance, Hydraulics/Pneumatics/Electromechanics, 

Military Navigation, Oceanics and Telemetry. 

For information on how Bendix-Pacific' s “imagination plus" can go to work for you in any 
of these fields, write or call Bendix-Pacific Division, North Hollywood, California. 
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CRITICAL-MISSION 
HARDWARE IS FORGED 
BY WYMAN-GORDON 


Aerospace forgings are the long-time 
specialty of Wyman-Gordon. Intimate 
association with every milestone in the 
history of flight — Kitty Hawk to Canav- 
eral-developed here a unique range of 
sophisticated skills and special facilities 
for hot working metal to the critical re- 
quirements of both sky and space. 

Moreover, Wyman-Gordon pioneer- 
ing first brought to operational use many 
of the light metals, superalloys and re- 
fractory materials which have signifi- 
cantly advanced performance from jet 
ceilings to space-craft apogees. Broad- 
front research in the industry’s most 
completely staffed metallurgical and 
developmental laboratories continues to 
extend size, configuration and strength- 
to-weight design parameters of com- 
ponents for frame, propulsion, guidance 
and support applications. 

Whatever the problem in forging any 
such critical-mission hardware, Wyman- 
Gordon experience can prove invaluable 
to its solution — an engineering team 
stands ready to counsel on your designs. 


HARVEY, ILLINOIS 
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Miniature AGASTAT 

time/delay/relay offers 
maximum reliability in minimum space 


For control systems where reliability and size are important design 
considerations, specify the Miniature AGASTAT time/delay/relay. 

Only I14 in. square, less than 5 in. high, and weighs as little as 15 oz. Six 
adjustable models provide delays from .03 sec. to 3 minutes— on pull-in or 
drop-out. Electrically-operated, pneumatically timed for instant recycling 
and freedom from voltage-variation drift. Choice of ac or dc operating volt- 
ages, with solder lug, octal jjlug or AN connector terminals. 

Since 1931, AGASTAT time/delay/relays have been specified for reli- 
ability and accuracy in almost every industry with electrical control require- 
ments. Wouldn't this be a good time to learn what this proven performance 
can mean in your timing circuit? 

We’ll gladly send complete details. Just write Dept. M2-17. 


AGASTAT 


TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION ■ ELIZABETH, NEW JERSEY 
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Specifications / Telemetry Antennas 


The above dipole array is one of a family of 
high-performance tracking and acquisition antennas 
covering various telemetry frequency bands 
including 215-260 Me and 370-410 Me. These arrays 
have integral hybrids and provide both sum 
pattern and difference pattern outputs. 
Either manual or automatic self-tracking systems 
can be mechanized with complete polarization 
diversity . . . right and left ciroular, 
horizontal and vertical linear. 
Light weight and flat configuration results in 
lower mass moments and inertias, allowing use of 
smaller mounts and less complicated servo systems. 


ARRAY NO. 1 
Medium Gain Array (above) 
PERFORMANCE 


ARRAY NO. 2 
High Gain Array 
PERFORMANCE 


Frequency Range : 
Gain: 
Sidelobes: 
Null Depth: 
Weight: 
Size: 
Beamwidth : 


215 Me -260 Me 
17.5 db 


26 db (Principal planes) 
17 db (Diagonal planes) 
35 db 


225 lbs. 


12'x 12'x 1.5' 
22.5 deg. 


Frequency Range : 
Gain: 
Sidelobes: 

Null Depth: 
Weight: 


215 Me -260 > 
21 db 
20 db 
(All planes) 

35 db 
425 lbs. 


Beamwidth: 


18'x 18'x 


1.5' 




Rantec Corporation • Calabasas, California 
call Los Angeles, DI 7-5U6 • TWX: see Directory 


Eastern Regional Office • 7930 Barnes Street, Office 3 • Philadelphia 11, Penn. • RA 8-7500 • TWX: see Directory 



TOTAL CAPABILITY IN SOLID ROCKETS 

RESEARCH. ..DEVELOPMENT 
...PRODUCTION.. .FACILITIES 






Look to 


When you must have reliability . . . 
look to FAFNIR for precision bearings 


Reliability gets top priority in helicopters. To help assure 
reliability, designers use Fafnir Teflon-lined Bearings. These 
bearings perform smoothly, dependably under high loads. 
And they are self-lubricating. For leadership in bearings, 
look to Fafnir. The Fafnir Bearing Co., New Britain, Conn. 





uses interchangeable FM and direct 

record/reproduce electronics 

entirely contained in 7" x 19" panel space 


COMPARE PERFORMANCE, PRICE PER CHANNEL 


Here is the ideal combination of high per- 
formance and economy in a 7-channel, 4- 
speed system that meets IRIG Telemetry 
Standards. Versatility is another advantage. 
The Model 2000 system uses interchange- 
able Sanborn FM or direct record/reproduce 
electronics — all solid-state, in 7" of panel 
space — and you can have any combination 
of direct and FM channels simply by chang- 
ing circuit cards. Recording capability may 
be extended beyond the system's minimum 
input levels through the use of Sanborn 
"850” and other compatible amplifiers. 

The Model 2000 Magnetic Data Recorder 
has four speeds and uses standard Vi-inch 
tape on lOVi-inch reels. All controls are on 
the front, and several convenience features 
are included: an integral FM Alignment 
Meter that eliminates the need for electron- 
ic counters, an automatic squelch, a tape 
footage counter, and provision for using 
one channel for flutter compensation. 
Complete details are available from Sanborn 
Sales-Engineering Representatives in prin- 
cipal cities throughout the U. S., Canada 
and foreign countries. 


SPECIFICATIONS 


Input ± 2.5 V into 10,000 ohms, single 
ended, adjustable. 

Output ± 2.5 V into 1,000 ohms or more, 
single ended; level, position adjustable. 


Bandwidths (Max) 

Speed FM Direct 

3% "/sec 0-625 cps 50-6,250 cps 

7 Vi "/see 0-1,250 cps 50-12,500 cps 

15"/sec 0-2,500 cps 50-25,000 cps 

30"/sec 0-5,000 cps 100-50,000 cps 

(100% modulation on FM = - 40% car- 
rier deviation) 

Linearity Max dc nonlinearity: 0.5% 

Drift ± 0.5% of full scale for 10 V power 
line change, 10°C ambient temperature 
change, or for 24 hours at constant power 
line voltage and ambient temperature. 


Signal-to-Noise Ratio (Min) 

Direct : 40 db at all speeds. 

FM: 40 db RMS at 30"/sec and 15"/sec: 
35 db RMS at 7Vi"/sec; 33 db RMS at 
3% "/sec. 


SAN BORN 
COMPANY 



Readout, as well as 


during magnetic re- 
cording, may be pro- 
vided by this 
compatible 17-inch, 
8-channel Viso-Scope 
or other Sanborn 
monitoring instru- 
ments, or by direct 
writing systems. 






Ill Space Technology. . . LOOK TO PARSONS for Performance 


Parsons has substantially aided . . . and will continue to aid . . . the United States in its military use and 
peaceful exploration of space. The design and field engineering, or construction of rocket fuel plants, 
static test stands, launch facilities, tracking complexes, ground and airborne electronics, in addition to 
feasibility studies for permanent lunar facilities to support men and equipment for indefinite periods, 
demonstrate the diversified capabilities of The Ralph M. Parsons Company. 

The conquest of space will be achieved by industry and government working as a team. And teamwork, 
plus resources, plus services from Parsons all add up to total capability, single source responsibility. 


THE RALPH M. PARSONS COMPANY EL. 


ENGINEERS • CONSTRUCTORS £!£*.«,» 

IOS ANGELES / NEW YORK tkcwowd 

WORLD WIDE SERVICES: ARCHITECT-ENGINEERING • CONSTRUCTION • ELECTRONIC SYSTEMS AND COMPONENTS • MINING 
AND METALLURGICAL ENGINEERING • PERSONNEL TRAINING • PETROLEUM-CHEMICAL ENGINEERING • PETROLEUM 
PRODUCTION SYSTEMS • PLANT OPERATION . POWER PLANT ENGINEERING • WATER DEVELOPMENT AND SYSTEMS 






Another great Astrojet-the 990-joins the American Airlines fleet. 


American Airlines has launched the most advanced jet 
airliner in the world: the 990 Astrojet. 

Here is the new shape of commercial aviation. You will 
notice two extra aerodynamic bodies on each wing. These 
are speed capsules, designed to smooth out the airflow at 
high speeds. 

Here is the new brawn of commercial aviation. We 
believe the 990 is the strongest airplane ever built. It has 



tremendous structural integrity. Many extra safety factors 
have been built into it. 

And here is the newcomfort of commercial aviation. Wide 
aisles. Wonderfully deep, wide armchairs. A spacious, 
club-like First Class section. And a pleasant surprise for 
jet travellers: 3-and-2 seating in the Coach section. 

For a new experience in flying, try the most advanced 
jet in commercial aviation: the 990 Astrojet. 


AMERICAN : 


'AMERICA'S LEADING AIRLINE 


>> 


BURNDY 

MAKES ALL TYPES OP ELECTRICAL 

CONNECTORS 



open and shut case for MS HYFEN. 

Miniature rectangular hyfen® provides high density connections, and is avail- 
able in 14, 20, 26, 34, 42. 50 & 75 contact sizes with hoods to fit all sizes. 
Crimp-type, snap-locked contacts accommodate wire sizes #18 thru #26, and 
are removable without disassembling connector. Hoods are aluminum alloy, 
swing-type, clamshell design . . . can be opened to remove or insert contacts 
without being removed from connector block. Crimped connections comply 
with mil-t-7928. hyfen mates with all existing solder types. Complete line of 
BURNDY installation tooling available. Write omaton Division for details. 

BURNDY 

Norwalk, Connect. 


The Effect of 
Lead in Alloy Steels , part i 


KNOW YOUR ALLOY STEELS . . . 

This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information 
is elementary, we believe it will be of interest to many in 
this field, including men of broad experience who may find 
it useful to review fundamentals from time to time. 


The subject of leaded alloy steels will be 
discussed in two parts. Here we deal with 
basic definition, reason for excellent ma- 
chinability, and purpose of closely con- 
trolling the lead additive. Part II, which 
follows in this series, will touch upon work- 
ing properties, and discuss when leaded 
alloy steel should be used. 

WHAT IS A LEADED STEEL? 

A leaded steel is any steel, carbon or alloy, 
to which lead has been added to improve 
its machining characteristics. This lead 
additive, generally held within the limits 
of .15 to .35 per cent, may be added to 
any standard AISI or SAE steel. The per- 
centage of lead does not, to any practical 
degree, alter the mechanical properties of 
the base steel. 

HOW LEAD IMPROVES MACHINABILITY 

Theoretically, lead has an inherent self- 
lubricating action which reduces friction 
at the tool-chip interface. This permits 
appreciably higher cutting speeds and 
feeds because leaded steels have a lower 
coefficient of friction than non-leaded 
steels. Also, because of the finely dispersed 
lead particles, there are minute interrup- 
tions within the matrix which cause a 
premature breaking of chips. This mini- 
mizes build-up within the tool-chip inter- 
face, prolonging tool life and improving 
machined finishes. 

Optimum cutting speeds are commonly 
increased by 25 to 40 per cent. Sometimes, 
depending upon the condition and grade 
of steel and the type of machining, these 
speeds can be more than doubled. 


LEAD ADDITION MUST 
BE CLOSELY CONTROLLED 

Lead is distributed throughout the ingot 
by the addition of pure metal shot. It is 
forced into the molten-steel stream during 
teeming (pouring from the ladle to the 
mold) by means of a fixed air-pressure 
gun. The lead shot, having a higher 
specific gravity than the molten steel, 
tends to segregate at the bottom of the 
ingot. This is controlled by pouring a pre- 
determined amount of steel in the ingot 
prior to the lead addition. 

Since the uniform distribution of lead 
is all-important to the machining proper- 
ties of leaded alloy steels, Bethlehem 
exercises great care in (1) controlling the 
lead content through checking by the 
fluorescent X-ray method, and (2) inspec- 
tion of billet specimens for lead distribu- 
tion by means of exudation tests. 

Bethlehem metallurgists are "on the 
scene” where new applications of leaded 
alloy steels are being developed. If you'd 
like to consult with them on any problem, 
just write to us at Bethlehem, Pa. And 
remember, too, that Bethlehem makes a 
full range of AISI standard grades, as well 
as special-analysis steels, and all hot-rolled 
carbon grades. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, "Quick Facts About Alloy 
Steels.” If you would like a free copy, 
please address your request to Publica- 
tions Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. Export 5„l«, Bethlehem Steel Export Corporation 

BETHLEHEM STEEL 



bethJehem 

steel 


Circle 







puts precision and quality into Ex-Cell-0 
iponents for advanced space propulsion systems. Spherical pressur 
and oxydizer tanks, turned from light, high strength forgings, are 
typical of the super-precise details the Flight and Space Division produces 
on Ex-Cell-0 Numera-Trol Machines-the most accurate production machine 
tools ever built. ■ These numerically controlled machines, augmented by 
equally sophisticated fabricating facilities, are a dependable source for 
the most demanding powerplant and vehicle components. ■ For detailed 
information, contact our Representative in your area, or call or write dire 
Phone 313-868-3900. TWX DE-175. 


EXCELLO 

'F&gfits- Space OiMi&n 


men(«. n 





A veteran of aviation's leather-jacket days, B.F.Goodrich is now 
one of the most versatile pioneers in aerospace technology. 
The Project Mercury Astronaut suit is one notable achievement. 
This suit protects man from heat, from cold, from other space 
hazards, has built-in communication and air conditioning sys- 
tems. Next advance will be the space suits BFG is ^ ^ 

perfecting for crewmen of larger orbital vehicles. [ ] 

STRUCTURES FOR THE HOT BLUE YONDER. Another I J 

skill BFG has mastered is the technique of fabricating yfW 
nose cones and heat shields to withstand re-entry / JiV 


temperatures in the thousands of degrees. We've played a leading 
role in making rocket motors of plastics and glass fibers. These 
cases replace metal; add hundreds of miles to missile range. 


THE CONQUEST OF ICE. Ice can be as deadly as heat. BFG has 
led the way in developing ice protection systems for aircraft, 
beginning with the first De-Icers which opened the era of all- 
weather flight. BFG systems now provide protection for jets and 
missiles. Present capability includes n pneumatic 
Metal-clad Electro-thermal De-Icers, 
heated rubber and plastic parts. 


ROCKET FUELS "BOUND" WITH RUBBER. Our knowledge of 

1 polymer chemistry led to development of the major binder 
fuels used in the most advanced solid fueled rockets. The 
newest BFG solid propellant packs more punch than previous 
rubber-based fuels over an extreme temperature range. 

JET SAFETY. The most advanced tire ever built has been devel- 
oped and produced by BFG for a Mach 3 aircraft. It's built to with- 
stand oven-hot temperatures of 360°F for prolonged periods. And 
the newest brake offered for jet service is the BFG liquid cooled 
brake, which can serve through repeated “refused take-off” stops. 


A brochure, "B.F.Goodrich Resources for Missile and Rocket 
Progress" tells a detailed story of BFG capabilities. Write for 
a copy, and tell us of your particular product interest. 
B.F.Goodrich Aerospace and Defense Products, a division of 
The B.F.Goodrich Company, Department AW-7A, Akron, Ohio. 
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COUNTDOWN 

PNEUMATIC CONTROLS: 

Hot gas equipment is being 
developed lor space control 
subsystems using rotary and 

SaF-ADAPTIVE CONTROL 
SYSTEM: Capable of measur- 
ing dynamic sensitivities and 
adjusting feedback gains in 


SATELLITE CONTROL 
AND STABILIZATION: 

STAR TRACKER SYSTEM: 

SPACECRAFT RENDEZ- 
VOUS COMPUTER: Com- 

ADVANCED DISPLAYS 
AND CONTROLS: Develop- 
ment currently in progress. 
Human-lactor display studies 

FOR SPACE 

and pneumatic computation. 
A complete subsystem is now 
being built at E-P under USAF 

external environment. Auto- 

aerodynamic surlaces and 
reaction jets. Being developed 
under USAF contracL 



readout accuracy ol :5 arc 
seconds. 

gu^ce^da^udejontroj 
Hon aUO megacyUe'ratl 

Electronic and optical devices 
will present correlated data 
with minimum panel space. 


Knowmanship in Action 

Technical knowledge, management ability, and crafts- 
manship all add up to Eclipse-Pioneer’s space-age Know- 
manship. We pride ourselves on anticipating our cus- 


tomers’ needs— and meeting them with technical 
advancements based on specific requirements. The 
manufacture of precise components and total sub- 
system capability are typical of our creative ability as a 
major contributor to the field of space technology. By 
applying principles of Knowmanship, we're able to 


achieve our space mission: research and development 
for tomorrow's intriguing challenges; products for the 
critical needs of today. Write: Teterboro, New Jersey. 
TECHNICAL KNOW LEDGE + EXPERIENCED MANAGEMENT 
+ SPECIALIZED CRAFTSMANSHIP = KNOWMANSHIP 


Eclipse-Pioneer Division 







Weld failures cut 89% using 
vacuum-melted filler wire 

JvVe/tf tests on alloy steel wire used in missile applications revealed nine 
limes as many failures with air-melted wire as with Cannon-Muskegon 
vacuum-melted wire. 1 J Superior to consumable-electrode melting, 
Cannon-Muskegon vacuum-induction melting greatly reduces gas levels 
(nitrogen less than 25 ppm, oxygen less than 25 ppm, hydrogen less than 
5 ppm). Combined sulphur and phosphorus run less than .075%. J 
^7/iese remarkably low gas and impurity levels can be most efficiently 
obtained with Cannon-Muskegon vacuum-induction melting. You are 
invited to write Cannon-Muskegon for further details. J 
Among test samples prepared from air-melted wire, IB out of 32 failed at 
the weld. J 

tm- Among similar samples prepared from the vacuum-melted wire of the 
f Different alloys of Cannon-Muskegon vacuum-melted welding wire are 



CANNON-MUSKEGON CORPORATION 

Metallurgical Specialists • 2887 Lincoln Street • Muskegon, Michigan 
Circle Number 20 on Render-Service Cord 








Hoveg's high purity Silica fab 
with a melting point of 3000* 


Other missiles which arc now in large volume or potentially large volume include: 
the Viper. Mauler, Shillelagh, Bullpup, Subroc and Asp. 


Sil-Tcmp was chosen for this all important program because of its superior quality' 
and product uniformity. Sil-Temp gives better ablative properties, strength charac- 
teristics and reliability than any product now being offered aoywherc. Havcg's 
quality control and experienced engineers is definitely responsible for this "fantastic^ 
accomplishment. 


For further information on the use of Sil-Temp in the AM • 

missile, aviation or chemical field where high tempera- 
tures are involved, write, wire or phone for folder 
giving complete data. Our experienced engineers will be 
happy to work with you on your particular application. FIRST in i 


This unique product is now being used by all major missile manu- 
facturers in the United States. Some of the larger missiles where 
Sil-Temp is being used as an ablative component are the Minuteman, 
Polaris, Titan I, Titan II, Nike-Zeus, Dyna-Soar, Saturn, Scout, Apollo, 
Nova, Skybolt and Surveyor. 


Circle Number 21 
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Don’t 

fight paperwork 
when 3M makes 
microfilm so easy to use! 



Microfilm is fast replacing costly paper- to do in paperwork. Cuts file space 

work in hundreds of companies. And 96%. And THERMO-FAX “Filmac” 

3M is making it so easy— with 3M Reader-Printers make enlarged copies 

Microfilm Products. For example, the from microfilm, seconds fast! To learn 

FILMSORT® Aperture Card, a standard how your company can replace paper- 

tabulating card containing a frame of work with easy-to-use microfilm write 

microfilm, makes it easy and econom- to the 3M Company, 900 Bush Ave., 

ical to file, retrieve, reproduce, dis- Saint Paul 1, Minn, 

tribute information— instantly! Does for [Tlicrofilrd Products 

pennies what it now costs you dollars Mmma Minnesota mining e manufacturing co. 



PMP 




SILICON T RAN SISTOR CORPORATION 

CARLE PLACE, LONG ISLAND, NEW YORK Pioneer 2-4100 


Sixteen Different PNP Types: 

1 1 /16" hex ... 85 watts . . . STC5550 through STC5555 
Square package ... 85 watts . . . 2P389, 2P389A, 2P424, 2P424A 
TO-3 ... 75 watts . . . STC5080 through STC5085 
Characteristics: h r[ 10 to 30 ® 2 amps. . . Ret (sat) 0.5 ohms 
d 2 amps . . . Vet 80 volts . . . Ic max 5 amps 
NPN Complements: 

11/16“ hex 85 watts . . . STC1550 through STC1555 
Square package 85 watts . . . 2N389. 2N389A, 2N424, 2N424A 
TO-3 75 watts. . . STC1080 through STC1085 
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HUSKIE 


first with a unitized unlimited 
life transmission drive 
..by Western Gear 


Much more than just component testing! Kaman Aircraft 
Corporation has established an unlimited life on a completely 
unitized helicopter transmission drive system for its H-43B 
USAF "Huskie." This transmission drive, 
built by Western Gear, was designed as 
a "unitized” system because of the 
Huskie's unique intermeshing rotor con- 
figuration. The entire system, including 


rotating controls, hydraulic drive and pump, and generator 
drive and pump can be lifted out and changed as a single 
unit. Learn more about Western Gear's work with advanced 
concepts in high-speed gearing and 
shafting. Address Precision Products 
Division, WESTERN GEAR CORPORATION, 
P.O. Box 192, Lynwood, California. Cable 
address WESTGEAR, Lynwood, California. 



new approaches to silence and shock protection 



The Navy is always on the lookout for better ways of suppressing sound and 
attenuating shock. ■ Lord has devoted its special talents to meeting these 
needs. Here are a few of the results. ■ Modular compounds and laminated 
structures for acoustical damping. Main drive couplings that transmit power 
smoothly, silently. Elastomeric covers to seal in sound. Deck mountings that 
isolate entire compartments. The only complete line of Navy machinery mount- 
ings. Protective suspensions for inertial navigational systems. Special mounting 
systems for electronic gear. ■ To develop new approaches, Lord dives deep 
into problems, explores them thoroughly, often charts new courses in vibration/ 
shocl/hoise control. Don’t expect just a routine answer from Lord. Expect 
more. Contact: Lord Manufacturing Company, Erie, Pa. Field Engineering 
Offices in principal cities. In Canada: Railway & Power Engineering Corp., Ltd. 
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PASSENGERS AND AIRLINES 
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20 CARAVELLE MEDIUM-RANGE 
JETLINERS ARE ALREADY 
IN SCHEDULED OPERATION 
ON U.S. DOMESTIC ROUTES 
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MOTHER SPECTACULAR 
SATURN LAUNCHING! 

. . . with flex-metal tubing 
and ducting from Flexonics 


Now the world has witnessed another highly successful 
launching of the mighty Saturn developed by National 
Aeronautics and Space Administration— the United States’ 
biggest space vehicle, producing more than 1,300,000 
■pounds of thrust. Vital to this consistent performance are 
a total of 119 Flexonics propellant and other lines that 
supply fuel and oxygen to the cluster of eight Rocketdyne 
engines, as well as Flexonics interconnect and pressuriza- 
tion lines, and high-performance metal hose. 

Engineers from Flexonics and George C. Marshall Space 
Flight Center, Huntsville, Ala., worked together in the 
designs of these components, just as they are now at work 
on future Saturn configurations. Teams of design and 
fabrication specialists adapted Flexonics precision-forming 
methods to the unique requirements of the Satum. Ex- 
haustive qualification tests, under simulated flight condi- 
tions, proved the soundness and reliability of design before 
the countdown of the first flight. 

To simplify and expedite resolution of your next ducting 
problem, call on Flexonics. 

Write for your copy of the big new Flexonics Engineering 
Guide and catalog of aerospace components. 





This coined word applies to the emission of electrons which 
occurs at the time of metal abrasion or fracture. Refined 
measurement techniques in regard to this factor may lead to 
the detection of microscopic cracking long before failure 
. . . allowing for part replacement before the onset of fracture 
in service. □ Triboelectroemanescence is only one of many 
phenomena involving metal behavior now under study at 
Douglas. Because structural reliability is a critical considera- 
tion in the design of transonic, supersonic and hypersonic 
aerospace vehicles, Douglas laboratories are engaged in a 

TRIBOELECTROEMANESCENCE “T-tStE 

...AND WHAT DOUGLAS IS DOING ABOUT IT ance. This includes corrosion 
causes and effects, environmental studies, and the effects 
of steady state loads and intermittent strains under cryo- 
genic through pyrogenic temperatures in causing cracking. 



This comprehensive study of metals is one of more than 500 
research programs at Douglas. The focus is on technological 
advancement to meet the needs of a future which will include 
Douglas air cushion, subsonic, su- n a > ■ a ■ a m 
personic and spaceplane vehicles. I J U U O 1— MO 


ENGINEERING AND 
ARCHITECTURAL 

BROWN & ROOT PRIME contractors 

FOR NASA’s 

MANNED SPACE PROGRAM 
FACILITY IN HOUSTON 



The nation's new nerve center for outer 
space exploration is under construction in 
Houston . . .with Brown & Root, Inc. the prime 
contractor for engineering and design. 

The NASA site is only a few miles from the 
headquarters of this world-wide engineering 
and construction company. Over 600 engi- 
neers and engineering technicians are on 
our permanent staff at the Houston base. 


No company is as intimately familiar with 
the NASA program at Houston . . . and with 
the Houston area... as Brown & Root. Many 
companies related to the space effort are 
moving to this area. Perhaps your company 
is one of them. If so, we can save you time 
and money in the fields of plant location, 
design, construction, purchasing, and main- 
tenance. We invite your inquiries. 


A Brown & Root. Inc. 

POST OFFICE BOX 3 • HOUSTON 1, TEXAS 




er-Service Cord 


"... the faculty of perceiving in an unhabitual way.” 



the breadth and depth of this systems approach takes them far 
beyond the familiar. 

Typical of the highly advanced systems currently being studied 
are those involving mobile ballistic missiles, terminal air de- 
fense, orbital rendezvous and satellite navigation and control. 
Also, under contract to the U. S. Air Force, C.S.C. is designing 
and developing a sophisticated system of stellar inertial guid- 
ance, while the well-established Weather System Center is as- 
sisting the Air Force and F.A.A. in developing vastly improved 
methods for weather data collection, transmission and forecasting. 

In the vanguard of a corporate complex known for its pioneer- 
ing achievements, the Center is well situated to carry forward its 

30 Circle Number 30 on 


Analysis • Advanced Weapons Systems • Advanced Programming 
■ Conceptual Design • Electronic Systems Engineering. You are 
invited to submit your resume in confidence to Mr. T. W. 
Wraight, Personnel Manager, UAC Corporate Systems Center, 
Windsor Locks, Connecticut — an equal opportunity employer. 


United 

CORPORATE SYSTEMS CENTER 

fiircraft 



Rollway Bearings help push helicopter 

Somewhat higher than 
Gilroy’s kite ! 


Top standards of performance and reliability 
were demanded of the vital components teamed for this 
record-smashing powered flight. 

With key bearings located both in the 
Avco/Lycoming engine and in the Kaman transmission, 
Rollway is proud to nave participated 
in this outstanding performance. 

When you need a bearing with reliability plus 
in a critical location, you are invited to take a 
critical look at Rollway Air-Rol Bearings. Rollway 
Bearing Co., Inc., P. O. Box 1397, Syracuse 1, N. Y. 


ROLLuinr 
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How to tease a physical laboratory for s 2,495 a month . 


It weighs a little more than 500 pounds. It's just a bit larger 
than a desk. And it goes to work when you plug it in. 

It can work as a flight test facility, a microscope, an elec- 
tronics test bench, an environmental test chamber, a space 
system simulator. And that's just the start. 

This particular laboratory is called Recomp.® It is an 
advanced, solid-state digital computer. 

It's amazing the number of things Recomp can do. One big 
asset is the way it frees technical personnel for creative work. 

For example, a company that used to get 2 proposals a year 
from a top creative scientist, was able to increase this figure 
to 3 Vi with a computer (not Recomp). But with Recomp this 
company is now able to get nine proposals per man each year. 

Recomp’s accessory line and software advantages are the 
most up-to-date in the computer industry (they now include an 
xy graph plotter and card reader capability). And an extensive 


programming library is available without charge. 

There is a Recomp to fit your needs (and budget). For 
medium-scale needs, Recomp II starts at $2,495 and with a 
complete line of peripheral equipment goes up to $4,500. 
Recomp III is perfect for small-scale needs. You can lease one 
for $1,495, complete. 

There is only one way to know exactly what computer suits 
you best That's through your own feasibility study. And no 
computer feasibility study is complete without Recomp. Put 
Recomp side by side with any comparable computer on the 
market. Let the facts speak for themselves. 

We'll be glad to help you get all the facts. Write today 
for a helpful guide: "How to Conduct a Computer Feasibility 
Study." 

Write: Recomp, Department 27, 3400 East 70th Street, 
Long Beach, California. 


Recomp 

Recomp is a product of Autonetics Industrial Products Autonetics is a Division of North American Aviation 
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Turn right at Orion 

Stretching a point? Not really. Although the constellation 
Orion is more than 240 light years away, two of its stars, 
Bellatrix and Rigel, stand out as logical navigation points 
for space missions. 

Norden has built and tested two key components for 
space missions requiring stellar inertial guidance: (1) An 
all-attitude, four-gimbal inertial platform scaled to meet 
space vehicle size and weight requirements. (2) An accurate 
star angle sensor which, through star-fix checks at periodic 
intervals, can correct platform drift. These self-contained 
instruments emit no signals and require no earthly con- 
tact, yet they could maintain the path of a craft through 
space indefinitely. 

Producing inertial platforms and star tracking devices 
for stellar inertial guidance systems is evidence of the kind 
of engineering foresight Norden consistently applies to 
one primary mission . . . Extending Man’s Capabilities. 
FOR ADDITIONAL INFORMATION ABOUT NORDEN HARDWARE 
FOR STELLAR INERTIAL GUIDANCE SYSTEMS, WRITE: 


Norden » «■ 

NORWALK, CONNECTICUT 
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Along with all the other kinds we make, aerospace 
cable is really big with Packard Electric. For aircraft, 
missiles, electronics, you can choose what you need 
from a wide range of types. Sizes from small to medium 
to large. Single or multiple conductor. All kinds of 
combinations of construction — including insulations, 
colors, shieldings, jackets. 

And every one designed to withstand extremes of 


heat, cold, abrasion and moisture — according to your 
own particular requirements. 

Packard aerospace cable has a first-class, reputation 
for reliability, too, the result of our completely inte- 
grated production and exacting quality control. 

For aerospace cable, it’s a good idea to ask Packard 
Electric — first. Branch offices located in Detroit and 
Los Angeles make it very easy to do. 

Electric 


Packard 

HjW 



I f you find it increasingly difficult to get the up-to-date, 
expert information you need when you need it— here is 
important news from McGraw-Hill. A new professional 
encyclopedia has been developed that gives you latest 
available information in the scientific and engineering dis- 
ciplines, and keeps you abreast of the whole spectrum of 
today’s exploding technology. 

Short-Cut to Basic Information 
on Every Aspect of Every Field: 

For help with everyday problems 
met in your work— as an instru- 
ment to help you bridge the gap 
between your specialty and other 
fields into which your work leads 
you — as a backstop and “re- 
fresher” in your own and related 
areas— there is no substitute for 
this new ready -reference tool in 



eneycloped ia • f orm. McGraw-Hill enlisted the support of 
2,000 contributors, including Nobel Prize winners and 
leaders of research and industry, for this unprecedented 
and widely-acclaimed undertaking. 

Mail Card for Free Brochure: If you feel pressured by the 
mountain of information facing the scientist and engi- 
neer today, the helpful brochure 
offered on the attached card is 
“must” reading for you. It gives 
complete details of this extraor- 
dinary new method devised to an- 
swer your information needs. 
Simply mail the inquiry card 
today to receive your free 
copy. No obligation, of course. 





AVDEL 


Avdel Ball-Lok Pins insert easily, are positive-locking. Two 
types are available, single and double acting, in sires from 
3/16" diameter up. Different handle stvles facilitate insertion 
and removal in difficult access areas. Made of 4130 aircraft 
quality chrome moly or stainless steels, to NAS standards. 
Many sizes available from stock, grip lengths in JOth inches. 


POSITIVE-LOCKING QUICK-RELEASE 


BALL-LOK PINS 


AVDEL 

DOUBLE ACTING PINS 

Push-pull in operation, 
ideal for heavy loads re- 
quiring absolute safety. 
Three handle styles. Pins 
have built-in band for lan- 
yard attachment. Stand- 
ard pins available up td 
1" diameter. 

*0 : 

rvg. ■ . 1 

"R" RING HANDLE : 

1 

Ilf 

“T" HANDLE 

Push-pull lo operate- easy to 

l^HMDL^^™ 

wtSaS 

AVDEL 

SINGLE ACTING PINS 

Simply push the button 
to insert... repeat the ac- 
tive-locking until released, 
hook for lanyard attach- 

<p \ 

T " 1 " 1 ; 

“B" BUTTON HANDLE 

i 

•1” HANDLE 

“T” HANDLE 

■•R” RING HANDLE 

CAM LEVER HANDLE 

rgt!:£ h, s i 

AVDEL 

PIN RECEPTACLE 

A receptacle for installa- 
tions where flush surfaces 

standard single-acting 
pins. This pin-receptacle 

quick disconnect, with ab- 
solute safety in use. 

■*4 

SOLVES SPACE-WEIGHT PROBLEMS 

AVDEL DETENT PIN 

UP 10 3 INCH DIAMETER 1 

GROUND EQUIPMENT PIN i 

tan^l’y^V^d ?JSI j 

Write /or illustrated broch 

AVDEL "SPECIAL" PINS are available for unique applications, 
including torque pins. Many "specials” use unusual 
release methods such as solenoid, hydraulic fluid, air, 
squib and others. Avdel expert engineers, in your area, 
can help you solve your fastener and release problems. 
We would like to hear from you. 

210 SO. VICTORY BLVD., BURBANK, CALIF. 
xre showing how to expand your design ideas 
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HARRISON SOLVES CRITICAL NEW TEMPERATURE CONTROL 
PROBLEMS THROUGH APPLIED KNOWLEDGE AND EXPERIENCE 

Nuclear experience . . . aero/space . . . marine . . . automotive . . . industrial! Harrison's engineering 
team brings to your job an unusual breadth of knowledge backed by unmatched experience in every 
field where temperature control is a problem. This pool of experience is one reason Harrison can 
"engineer-in" performance characteristics matched precisely to each application . . . why Harrison 
heat exchangers provide maximum reliability and efficiency through the full operational range! For 
assurance of lasting quality, complete product dependability . . . focus Harrison's "experience in 
breadth and depth” on your temperature control problems— aircraft, missile or space vehicle! 






You can lock onto any of 28,000 frequencies 
— from 2 to 30 megacycles — instantly and 
firmly, with theGeneral Dynamics/ Electronics 
-Rochester digitally tuned SC-900 series 
SSB equipment. ■ With these rugged, highly 
transistorized sets. General Dynamics/ 
Electronics — Rochester has advanced the 
state-of-the-art in radio communications. 
This complement of Single Sideband equip- 
ment includes transmitters and transceivers, 
which speak with all the range and authority 
of 1000 watts PEP, yet occupy less than a 
20 inch cube and weigh well under 200 



GIIIIIIIID 


pounds. ■ By simplifying both receiving and 
transmitting circuits, General Dynamics/ 
Electronics — Rochester has achieved a sig- 
nificant advance in Single Sideband econ- 
omy, reliability and ease of operation. Over 
65 years of communications experience are 
built into the SC-900 series -a family of 
noteworthy SSB equipment developed by 
General Dynamics/ Electronics — Rochester 
for all the branches of the Armed Forces. 
■ Every product we make started with a 
question. We solicit yours. Write 1411 North 
Goodman Street, Rochester 1, New York. 


GENERAL DYNAMICS | ELECTRONICS — ROCHESTER 



J-M Microbestos and J-M Micro-Quartz Fiber 
used to reinforce high-temperature plastics 


From Johns-Manville, manufacturer of Min-K and 
Thermoflex (the only thermal insulations used aboard 
the Mercury Spacecraft), come two equally important 
products . . . J-M Microbestos Paper and J-M Micro- 
Quartz Fiber. They are designed to provide reinforce- 
ment for high-temperature plastics such as exhaust noz- 
zles, nose cones and aero-dynamically heated surfaces. 

Microbestos Paper is a high-purity, high-bulk, uni- 
form paper made of asbestos or asbestos in combination 
•with other organic and inorganic fibers and fillers. It is 
capable of accepting up to 50% resin saturation. Micro- 
bestos-reinforced products saturated with various resin 
systems are available from leading manufacturers of 
laminating sheets, tapes, and molding compounds. 


Micro-Quartz is made of the highest purity silica fiber 
with thermo-physical properties similar to those of pure 
silica. It is available in bulk form in various fiber diam- 
eters for use as a reinforcement for high-temperature 
and ablative plastics. 

For full details on these and other J-M aerospace in- 
sulations, write to J. B. Jobe, Vice President, Johns- 
Manville, Box 14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. Cable: Johnmanvil. 

Johns-Manville H 



NEWS OF DEFENSE TECHNOLOGIES 




DATA 


To perform effectively, modern defense systems must con- 
tinuously evaluate every dynamic influence within their 
environments. Data must be speedily collected, rapidly com- 
pared with voluminous memories, and be presented in an or- 
ganized, accurate and lucid display — in real time. All this 
to assist human judgment, that unassailable prime factor of 
military strategy. 


General Electric has played a major role in advancing the 
technologies of data utilization and display far beyond their 
early forms where manual computations of range and track 
data were accomplished at the plot board. In 1955, for exam- 
ple, General Electric introduced the AN/GPA-37 Radar 
Course Directing Group, the first mass produced equipment 
to perform semi-automatic tracking and automatic computa- 
tion of the intercept problem. Later developments included 
the AN/FSA-12 Detector Tracking Group — the first equip- 
ment to demonstrate automatic detection and tracking of 
radar targets in all three dimensions — and the new Air 
Weapons Control System 412L, which provides the U. S. Air 


Today's accelerating prt 
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Progress Is Our Most Important Product 


GENERAL 



ELECTRIC 


DEFENSE ELECTRONICS DIVISION 



ft II IV A AT OFFERS COMPREHENSIVE, ONE-SOURCE CAPABILITY 

UNLT Hrtr in engineered environmental systems 



Packaged Brine Cooler. Self-con- 
tained unit incorporates refrigera- 
tion compressor, brine chiller, all 
associated components, controls. 
Cooling output. 67,000 BTU/hr. 
Refr. effect, at 120° F. condensing 
temp.; and 100° F. ambient temp., 
3000 ft. altitude. 


Air Conditioning Unit. Complete, 
modular constructed unit has sup- 
ply fan, chilled brine supplied air 
cooling coil, air filter, automatic 
temp, control and alarm sensors. 
Fresh air filtration capable of re- 
moving 99.97% of all particulate 
matter over 0.3 microns in size. 


Air Conditioning Unit. Complete, 
modular constructed unit contains 
supply fan, chilled brine supplied 
air cooling coil, air filter, air flow 
control dampers, automatic temp, 
control and alarm sensors. Designed 
to withstand shock load in any 
direction. 



Emergency Cooling Unit. Contains 
DC-powered vaneaxial fan, DC- 
powered circulating pump, chilled 
water supplied air cooling coil, an 
AC-powered normal-service water 
circulating pump. Automatic con- 
trols for each component. Will with- 
stand shock load in any direction. 


Air Conditioner Unit. Provides 
fully modulated conditioned, filtered 
air supply with 3-stage cooling. 3- 
stage heating. Integral, finned, strip- 
type, electric resistance heaters. 
Cooling output: 42,000 BTU/hr., 
rated at + 125° F. Heating output: 
51,000 BTU/hr. 


YOUR PROBLEM 

trol may be similar to problems 
we've already solved for others. 
Shown here are a few examples of 
specialized equipment AAF has de- 
signed and produced for such mis- 
sile systems as Nike Zeus. Atlas. 
Minuteman and Pershing. Both in 
engineering knowledge and in re- 

cililies we have proved capability to 
meet specifications such as MIL-R- 
27542, CM 07-59-2617A. S-133-2 
and other stringent specifications. 


Engineered 

Environmental 

Systems 

HEATING 
VENTILATING 
AIR FILTERING 
REFRIGERATION 
HUMIDITY CONTROL 



Air Conditioner CH-I00A. Has 
both automatic and manual con- 
trols', integral and remote controls. 
Fully modulated conditioned air 
supply with 3-stage cooling, 3-stagc 
heating. Cooling output: 30,000 
BTU/hr. rated at + 125° F. Heat- 
ing output: 51,000 BTU/hr. 



Explosion-proof Portable Heater. 
Designed to meet MIL-E-4970 En- 
vironmental and MIL-H-27507 per- 
formance. Delivers heated air while 
operating within hazardous atmos- 
phere. Triple over-riding temper- 
ature limit controls. Unit grounded 
against static electrical build-up. 


AAf 


DEFENSE PRODUCTS DIVISION 

AMERICAN AIR FILTER CO., INC., 310 Third St., Rock Island, III., Phone 788-931 1 



NEW WHITFIELD ULTRA-CLEAN WORK BENCH 500 TIMES CLEANER, 
PROVIDES FREE ACCESS, REQUIRES NO SPECIAL CLOTHING 



ULTRA-CLEAN, ULTRA-CONVENIENT! 


Now you can have an open, convenient, 
literally ultra-clean work area with 
none of the usual cleanroom restric- 
tions ! The Whitfield Ultra-Clean work 
bench continually bathes the work area 
with an ultra-clean air flow that carries 
particles away from the area before 
they can settle. Because the clean air 
flows from the bench, the dust count of 
the room and its personnel do not affect 
bench cleanliness. No gloves, special 
clothing, hoods or shields are neces- 
sary. Personnel have completely free 
access to the work area, with a dust 


count of less than 1000 .3 to .5 micron 
particles per cubic foot maintained. 
This is 500 times cleaner than any other 
clean room or bench. The Whitfield 
Ultra-Clean work bench provides a 
work area of 2' x 2" x 6’ ; it has a self- 
contained air supply and requires only 
110 VA.C. power. With the compact 
Whitfield design, continuous ultra-clean 
assembly lines can be had by simply 
adding benches. Get complete informa- 
tion on the new Whitfield Ultra-Clean 
work bench now by mailing the below 
coupon. 


Please send me complete information and documentation on the Whitfield UlU 


AGNEW-HIGGINS, INC. 

8402 Standustrial Street. Stanton. California 


i-Clean work bench. 
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LET HEXCEL SUPPLY 

YOUR COMPLEX HONEYCOMB SHAPES 
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HOW TO LISTEN TO 160,000 SPACE MESSAGES -INSTANTANEOUSLY! 

S2 & si”! 
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COUNTDOWN 

OK 

RELIABILITY 


Reliability typifies the Stearns-Roger 
staff of specialists in the fields of mis- 
sile, cryogenic and nuclear facilities. 
Reliability requires the dedicated serv- 
ices of experienced and competent 
engineering personnel in the areas of 
criteria development, design, procure- 
ment, installation, check-out and oper- 
ation. 

Rely upon Stearns-Roger capability 
gained over the years in the Atlas, Titan, 
Minuteman, Saturn and associated pro- 
grams. 

With proven management and depend- 
able, integrated engineering and con- 
struction staffs, Stearns-Roger can 
function under any contract to provide 
single responsibility for your require- 
ments. 

smut 1B80 

Stearnsjtoger 

SANNOCK/P. O. BOX 5888/ DENVER 17 /COLORADO 







ELECTRO-COMBUSTION 
DEVICES AND SYSTEMS 

for land sea and space applications 


lisle \ 


hear developed Electro-Combustion 
Devices serve a dual function. First, they act as 
high strength fasteners, connectors or as a means 
of containment. Secondly, on command, the 
devices are electrically initiated, releasing ener- 
gies produced by combustion to mechanically 
push, pull, spin, separate, sever, jettison struc- 
ture, components or activate other functional 
systems. 

Hi-Shear’s controlled energy principle uses a 
small charge of low pressure type powder to 
achieve an instantaneous, mechanical action. 
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Standard electro-combustion hardware designed 
by Hi-Shear may be used, or the Hi-Shear con- 
trolled energy principle may be applied to cus-- 
tom applications you may have as exampled 
by the release of external stores from aircraft, 
operation of undersea devices, time delay mech- 
anisms, missile tie-down in silo, stage separation 
or for a variety of applications on space vehicles. 



CAPABILITIES A combination of Hi-Shcar capa- 
bilities are offered: electronic and ordnance talents 
Of an experienced staff; design, manufacturing and 
quality control skills as a long established precision 
hardware manufacturer; as well as complete labora- 
tory facilities for ordnance, metallurgical, physical 
and environmental testing and instrumentation. 
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Motor Generator Corporate 


Your guide to new uses of Motor Generators for- 
• revising out-dated methods • new applications 



Over fifty years experience in manufacturing electrical 
equipment qualifies us to offer you the guarantee of 
satisfaction in any service we may perform for you. 
Without reservation, we fully guarantee Hobart Motor- 
Generators to meet rigid quality standards incorporat- 
ing the latest developments in materials and methods. 


MGC's NEW DESIGNS CAN DO YOUR JOB FASTER WITH MORE RELIABILITY TO SAVE COSTS - INCREASE PROFITS 


The above list gives a few typical applications tor Hobart Motor Generators. It you have a specific power conversion problem why not let Hobart help you? 
There are many other applications calling for special power requirements. Write to address below for literature and quotation-all without obligation! 


MOTOR GENERATOR CORPORATION, Box AV-72, TROY, OHIO, U.S.A. Phone 332-1223 

S— ( Hobart Brothers Affiliate ) CABLE - MOGEN 
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AEROSPACE 

SYSTEMS MANagement BY LEAR 


The Task: To Achieve the Ultimate in Mission Accomplish- 
ment for Aerospace Systems, with MAN "in the loop." 
The Solution: Translation of Man/Machine Technology into 
Integrated Control and Display Systems through Refined 
Management Techniques. 

Acquisition of technical information required for the development 
of space systems must be rapid and efficient. By analyzing the 
problems of a system at its inception, the most effective way of 
acquiring the necessary technology can be determined and 
implemented quickly. Deciding the needs for data display is 
equal in importance to the development of the methods of display. 
The capability of Lear to translate system requirements into 
operable control and display hardware is widely recognized. 
Lear experience includes the development of wholly integrated 
systems for supersonic aircraft and space vehicles, and Lear 
possesses exceptional ability to acquire, process and display 
technical information for the ultimate in mission management. 
We call it Control-Display Systems MANagement. 
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TIMM MULTIVIBRATOR 


ircuits 


5 X 10 7 ROENTGt 
PER SECOND 


TIMM OPERATION DURING 
5 X 10 7 R/SEC RADIATION PULSE 


ELECTRONICS 


electronic systems 
can be "hardened" against 
nuclear radiation A 


with 


T MM 




High-intensity radiation pulses from a nuclear ex- 
plosion can produce disrupting electrical transients 
in most of today’s avionic equipment. With con- 
ventional circuitry, transient radiation can scramble 
the memory of a missile guidance computer . . . pre- 
maturely trigger a decision circuit ... or block radio 
transmission from a satellite. It can cause equipment 
malfunction or total system destruction at distances 
once considered safe from nuclear heat and blast. To 
illustrate: A “small,” one-megaton explosion in space 
will produce a crippling 10 ! R, sec. pulse more than 
110 miles away. 


TIMM Circuits will operate 97 miles closer to the 
blast, using the one-megaton example . . . and no 
shielding is required. Examine your system require- 
ments in light of these exclusive TIMM features: 

■ Higher Radiation Tolerance (Transient and Steady- 
State). TIMM circuits have an indicated capability of 
10" R sec. pulse-radiation tolerance and 10 19 nvt fast 
neutron tolerance, without shielding. These are, re- 
spectively, 1000 and 10,000 times greater than the ra- 
diation tolerance of other microminiature approaches. 

■ Higher Temperature Tolerance. TIMM circuits have 
an indicated long-term operation at 580°C. No cooling 
equipment is required. 


■ Wide Frequency Capability. Fast switching action 
and high reliability are assured. 

■ Less Regulated Power Required. Built-in bias and 
high-temperature operation reduce outside power re- 
quirements. Efficiency goes up as packaging density 
increases. Voltage regulators are eliminated. 

■ Practical Miniaturization. System size is determined 
by circuitry rather than by cooling or shielding re- 
quirements. Operating-component densities to 
1,000,000, ft. 1 

■ Rugged Construction. High shock and vibration 


■ TIMM Circuit Elements Now Available. Individual 
elements (resistors, capacitors, diodes and triodes) are 
now available for breadboard experimentation. 

A personalized presentation of the complete TIMM 
story can be arranged at your convenience and loca- 
tion. For more information, or TIMM literature, 
write to: General Electric Company, Receiving Tube 
Department, Room 1735, Owensboro, Kentucky. 

progress Is Our Most Important Product 

GENERAL 0 ELECTRIC 




How to power Venus-bound space probes? 


Ryan Aerospace is producing lightweight solar panels which will 
support thousands of tiny photoelectric cells to harness the sun's 
energy in space. The cells will generate the electrical power 
needed for the controls, experimental and communications sys- 
tems of Venus space probes and earth satellites. 

With broad experience in systems management, Ryan engineers 
are developing power systems, communications systems, and 
advanced space structures to meet the requirements of space 
vehicle programs. These capabilities are geared to fast reaction 
time in keeping with the demands of planetary orbits aod sudden 
shifts in program schedules. 

Flexible, fast-moving Ryan is also making significant contribu- 
tions in the areas of V/STOL aircraft, Doppler sensing and naviga- 
tion systems, and Flex Wing applications. And Ryan is the world's 
largest producer of jet target systems for the Armed Services. 

Your inquiry is invited concerning -the total capability of Ryan 
Aerospace and Ryan Electronics in space age design, development 
and fabrication. 

SAN DIEGO, CALIFORNIA 



AEROSPACE 


RYAN AERONAUTICAL COMPANY, 
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Where maximum reliability in high temperature ranges 
and minimum rejects are required . . . plus larger sizes for 
the new missiles, Midvac Steels have answered and are 
ready to solve the problems of many engineers. These 
ultra-clean steels are now available in ingots up to 
60 inches in diameter, weighing 80,000 pounds. 

Produced by consumable electrode vacuum melting 
Midvac Steels have improved workability and ingot 
soundness not attainable by other methods of melting. 
Segregation of inclusions is reduced and better mechanical 
properties are assured in all super alloy steels. 

Whether it be a large rocket motor, missile case, nuclear 
reactor part or an "extra-size" commercial product Midvac 
Steels offer the same high reliability. For complete data 
and technical booklet write to . . . 






15,000 for 1 


One man in orbit, one vehicle in space, com- 
mands the attention of millions of people. 
More than 15,000 persons, manning the crit- 
ical ground complex, are directly responsi- 
ble for success of the mission. The ground 
complex-involving integrated real time sys- 
tems— reaches from launch sites to the re- 
motest parts of the globe. It is in this area 
that many of Sperry’s engineering and sys- 
tems management responsibilities lie. 

Sperry Microwave Command Guidance 
systems offer the most sophisticated tech- 


niques of drone control, and of recovery 
such as envisioned for boost-glide space- 
craft. Sperry Loran C systems will be able to 
provide the most accurate range timing and 
ship positioning ever achieved. The Com- 
pany's work in control and command com- 
puters is outstanding in the field. Phased 
and electronically scanned arrays using 
these computer technologies have been 
developed to an advanced degree by Sperry. 

Sperry’s contract with the Air Force for 
MARS (Mobile Atlantic Range Station) ships 


will see floating Stations— able to go any- 
where on thousands of miles of ocean- 
capable of the most exacting tracking and 
measurement duties, and incorporating the 
newest radar techniques. 

Whatever the requirement-control, com- 
munications or command; or the integration 
of the three into a system of the highest per- 
formance and reliability— Sperry has a dem- 
onstrated capability. That capability will 
continue to be enhanced and extended. 
General offices: Great Neck, N. Y. 



SPERRY RAND 
CORPORATION 
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NEW FM RECORDING: ONE CYCLE TO 400 KC 

Wideband FM recording using one-megacycle analog techniques — that's the latest exclusive news 
about the Mincom CM-1 14 Magnetic Tape Recorder/ Reproducer. Only with this outstanding field- 
tested system's 1-mc capability is it possible to record and play back FM signals from 1 cps to 
400 kc. Advantages: Extended low frequency response, excellent linearity, seven or fourteen FM 
recording tracks, dropout reduction virtually to zero. This FM performance can also be added to 
existing CM-Series systems. Write today for details and complete specifications. 


mincom Division 
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A 

REALISTIC 
APPROACH 
TO R&D 
BY DEL MAR 


From 

INFINITE 

CONCEPTS 


to 

FINITE 

SOLUTIONS 

WITH CLOSE "TIME AND FISCAL” 


Del Mar s realistic approach to research and development 
has resulted, over the past ten years, in superior yields 
of usable end-products and practicable systems at low cost. 
Although Del Mar is an important contributor in the field 
of research, the company does not believe that the armed 
services and their prime contractors can afford to invest 
their time and money "to re-invent the wheel” with 
each new R&D project. 

To solve your problems expeditiously and realistically, 

Del Mar can make immediately available to you: 

(1 ) An engineering and scientific staff of international 
reputation in advanced system studies and weapons 
system development. 

(2) Management personnel with experience in the 
employment of current weapons systems in combat 
and training. 

(3) Laboratory facilities backed up by complete production 
facilities for the support of developmental and 
testing programs. 


For more information on this unique practical 
approach to R&D, write for Del Mar’s new R&D 
brochure, Dept. AW-1G40-3. 
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HONEYWELL TEAMS 




Honeywell support 
systems vital to 
mission success 

Another Honeywell contribution to U. S. 
space programs is the launch-site check- 
out equipment that conducts prelaunch 
checks of the navigation, control and 
stabilization systems. This equipment 
saves valuable countdown time and helps 
assure mission success. 

A Honeywell-sponsored development 
program is investigatingconcepts for cap- 
sule-borne automatic monitoring and 
checkout equipment that will help Apollo 
astronauts perform in-flight maintenance 
on all systems during their mission. 

Honeywell's support equipment assign- 
ments on space programs are the result 


of long experience in the advanced tech- 
nology of checkout systems for aircraft, 
missiles, spacecraft, research vehicles 
and high-thrust engines. In addition, 
Honeywell has built special-purpose air- 
borne and ground-based digital com- 
puters for various support functions, 


including transmission and storage of 
tracking, command and in-flight perform- 
ance data by radio, radar, infrared, sonar. 

Honeywell also designs and builds 
simulators and trainers for satellites, 
spacecraft, submarines, nuclear reactors 
and nuclear power-plants. 


WITH MAN-IN-SPACE 


When the multi-man Apollo spacecraft 
travels to the moon and back, Honeywell 
control, stabilization and display systems 

maneuvers along the way. 

The Apollo mission will be an advanced 
phase in a carefully planned series of 
NASA-USAF manned space exploration 
projects by the United States in which 
Honeywell is playing a vital role. Each step 
is contributing new knowledge about the 
performance of man and machine in space 
—knowledge which every participant like 
Honeywell is applying to assure the suc- 
cess of subsequent steps. 

Earlier steps in this series have included 
the pioneering NASA-USAF-Navy X-15 


rocket-powered flights to the fringes of 
space and NASA's Mercury suborbital 
flights of astronauts Shepard and Grissom 
—and most recently, the three-orbit Mer- 
cury flight by John Glenn. Subsequent 
projects include the two-man NASA Gem- 
ini spacecraft for extended duration mis- 

the Apollo manned lunar spacecraft. 

Previous Honeywell assignments on 
U.S. space programs have included in- 
ertial reference systems for Vanguard, 
Thor-Delta and Agena B as well as com- 
plete guidance and control systems for 
Scout and Blue Scout. Fifty-four U.S. 
satellites have been guided into orbit with 
the help of Honeywell precision inertial 
systems or components. 



Honeywell XT5 system 
provides uniform 
aerospace flight control 

Maintaining uniform control of a vehicle 
both in the atmosphere and in space calls 
for a control system that adjusts itself au- 


tomatically to extremes of speed and alti- 
tude. Such a system is the Honeywell 
Adaptive Flight Control System now flying 


control sys- 
ite preflight 


diately prior to X-15 launch. 



Honeywell Mercury 
systems perform 
successfully on all shots 


When the Mercury spacecraft separates 
from its booster, a Honeywell system 
stabilizes it and yaws it around to the 

During the mission the astronaut can 
maneuver the spacecraft manually, using 
Honeywellcontrolsand displays. At a com- 
mand from the astronaut, from the auto- 
matic sequences, or from the ground, the 
Honeywell automatic control system tips 
the spacecraft to the precise angle re- 
quired for successful reirorocket firing 

A Honeywell Attitude and Attitude Rate 
Indication System tells the Mercury 
astronaut when the spacecraft attitude is 


Honeywell Earth Path Indicator tells him 

face and where he will land should he 
initiate re-entry. A Honeywell Humidity 
Indicator keeps the astronaut informed of 
his cabin humidity. Honeywell systems 
have met all performance objectives on all 
12 instrumented Mercury shots to date. 



Honeywell 

|H| pteuj!. 

Engineers and Scientists: Investigate professional opportunitiesat Honeywell. 
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What a life the CP-100 recorder leads. It even gets transport assembly lifts up. And it operates on almost 
shock-mounted in a train to measure the flatness of the any standard source of power, including batteries, 

roadbed. And never a change in its true instrumentation The CP-100 is perfect any time, anywhere you need 

quality performance. In fact, you’ll find 3 reliable precise portable. For more 

the CP-100 right at home in a down-range Hr data write the only company providing 

test van, nuclear submarine— or a clinical H^-w- JAI S "<f I1 1 recorders and tape for every application: 
laboratory. (It can be rack-mounted.) It Ampex Corporation, 934 Charter Street, 

provides Direct. FM- Carrier and PDt in Redwood City, California. Sales and 

recording. Is easily accessible: the entire service engineers throughout the world. 
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Sinclair Aturbo-s oils 



■ Used in commercial jet-liners for reliability 

■ Used in military jets and missiles for reliability 

■ Used in space exploration rockets for reliability 


There is no better proof of reliability— YOU CAN RELY ON TURBO-S OILS 


Sinclair aircraft oils 


\ Sinclair 1 


SINCLAIR REFINING COMPANY • 600 FIFTH AVENUE • NEW YORK 20, N. Y. 



General Electric High Reliability solid 


or 


foil 


Tantalytic* capacitors qualified for: 



ATLAS-MERCURY 

MINUTEMAN 

NIMBUS 

OAO 

TITAN 

POLARIS 

DYNA-SOAR 


NEXT ? 


Your program can be the next to benefit from the unprecedented 
dependability of General Electric High Reliability solid and foil 
Tantalytic capacitors products of a major breakthrough in capaci- 
tor reliability. What made the High Reliability line possible? A 
completely separate management group, a separate white room 
facility, and constant testing of capacitor designs (250,000 unit 
test hours weekly) ; then, in-process computer control of unit manu- 
facture to assure adherence to test results. Now, our unit failure 
rate goal of .001% per thousand hours on foil has been achieved. 
Foil ratings available from 10V (.25uf) through 150V (300uf), 85C or 
125C— solid ratings from 6V (.033uf) through 35V (120uf), all 85C. 
Join the seven programs which have already qualified these capacitors. 
Build General Electric High Reliability capacitor dependability 
into your present or future programs. See your G-E Sales Engineer, 
or write Section 430-09, General Electric Co., Schenectady 5, N.Y. 
Capacitor Department, Irmo, South Carolina. 


Progress /s Our Most Important Product 



ELECTRIC 



A fuel cell for Apollo 


This is a model of a fuel cell designed by Pratt & 

Whitney Aircraft— the company chosen to develop 
a fuel cell system for Apollo, America’s first 
manned lunar craft. The Apollo spacecraft will 
be built for NASA by North American 
Aviation. Pratts 

The hydrogen-oxygen cell will supply Whitney 

power for environmental conditioning, Aircraft 

communication, instrumentation, and 
scientific equipment. In addition to gen- U 

erating electricity, the fuel cell will pro- ” p""”" “ 

vide water for Apollo’s three-man crew. «•«.<»«. 


Pratt & Whitney Aircraft’s fuel cell is far more 
efficient than conventional power systems. During 
tests, cells have demonstrated efficiencies of 70 
to 80 per cent. 

The fuel cell has a significant role 
in space. Moreover, it promises to be 
a significant power source on earth. 
Pratt & Whitney Aircraft is currently 
studying fuel cell power systems for 
such applications as remote-site power, 
vehicle propulsion, commercial power 
generation, and other industrial tasks. 



In a resounding first-flight success 
over intercontinental range, 

Titan-ll demonstrated its 
unprecedented capabilities after 
only two years of concentrated 
development by USAF and industry. 


// /: ■ i-// 

... the Nation's newest and mightiest ICBM will rest like a 
poised spring in a hardened silo, ready for underground 
launching on mere seconds' notice and capable of reaching 
halfway around the world with liquid-ICBM-size payloads. 

A modified version of this advanced vehicle is also scheduled 
to boost NASA's 2-man Gemini spacecraft for orbital flights 
of a week or more, and for rendezvous in space with Agena 
unmanned satellites. 

Liquid propellants, with their higher specific impulses and 
stage mass ratios, give Titan-ll its outstanding payload/ range 
performance — and with only two stages. The propulsion 
system's simplicity, reliability, and instant readiness are 
highly significant advances built around storable hypergolic 
propellants. A key ingredient is 

I >r/iV/l’ 

(unsymmetrical dimethylhydrazine. UDMH) 

with its unique combination of stability, tractability, power, 
and all-round performance capability. 

Increased production and improved processes have made 
this fuel available at less than a dollar per pound, with amorti- 
zation included. Engineering and economic studies indicate 
quantities of the order of a hundred million pounds/year 
could be supplied at a price, including amortization, in the 
range of 25 to 50 cents per pound. At these levels, total pro- 
pellant costs with any of several common oxidants would be 
only about 10 to 20 cents per pound of bi-propellant "mix." 

If cost is less of a factor and high energy is all-important, 
combinations of Dimazine with oxidants containing both 
oxygen and fluorine offer sea-level specific impulses up to at 
least 351-355 seconds*, exceptional improvement with alti- 
tude (optimized expansion), and good density. 


FMC CORPORATION 

INORGANIC CHEMICALS DIVISION 




25-watt, high-efficiency Amplitron* 
for CW space telemetry applications 


New compact S-band tube is ideal for use with solid 
state drivers. 

Forty watts of dc and 5 watts of heater power are all that is 
needed to operate this new high gain Raytheon Amplitron. 
Because of its high efficiency and modest drive require- 
ments, the new tube offers an ideal means of producing 
higher powers in smaller space. Size, weight, design sim- 
plicity and ruggedness of the QKS 997 all contribute to its 
suitability in space, missile and airborne applications. 
Write today for complete technical details on this and other 
Raytheon microwave tubes for missile and space applica- 
tions. Address Raytheon Company, Microwave and Power 
Tube Division, Waltham 54, Massachusetts. 

• Raytheon Trademark 
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This special issue devoted to the vast expansion of the National Aeronautics and Space Administration’s 
programs across the broad spectrum of space technology was written and edited by a special Aviation Week & 
Space Technology task force directed by Evert Clark, Washington Bureau Chief and AW&ST’s first Space 
Technology Editor. The team consisted of David A. Anderton, Technical Editor; Irving Slone, West Coast 
Editor; Philip J. Klass and Barry Miller, Avionics Editors; Edward H. Kolcum and George Alexander, Space 
Technology Editors; assisted by William S. Reed, Arnold Sherman and Ann Dunphy with art direction by Law- 
rence J. Herb. Art Editor. All of the NASA field centers were visited by this task force in the preparation of this 
issue, in addition to extensive briefings at NASA headquarters in Washington. D. C. 
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NASA's Spearhead to Space Creates New 


This country is now straining into space at a 
pace very close to the full capacity of its available 
resources. At the same time it has embarked on a 
massive program to create the basic new resources 
required to further accelerate the current pace 
during the next decade. 

National Aeronautics and Space Administration 
is now the spearhead of the U. S. space technology 
program and bears the heaviest responsibility for 
its ultimate success, although NASA is still heavily 
dependent on the resources of the aerospace in- 
dustry and the military services. NASA has come 
a long way from the fall of 1958, when it was 
created by an act of Congress and signed into being 
by President Eisenhower — just about a year after 
the Soviet Union’s Sputnik 1 marked the dawn of 
the space age. At birth, NASA was a loose amal- 
gamation of resources hastily gleaned from the 
research laboratories of the National Advisory 
Committee for Aeronautics, the Naval Research 
Laboratory’s Vanguard team and the Army’s Jet 
Propulsion Laboratory. It had an overly modest 
budget and little top-level governmental support 
for its tremendous task of trying to overtake the 
Soviet Union’s then commanding lead in space 
technology. 

By mid-1962 this infant of 44 months ago has 
already grown into a giant with technical resources, 
budget and national priority commensurate with 
its Gargantuan task. It also has a clear goal on 
which to focus its major energies: 

Land men on the moon and return them safely 
to earth before the Soviets. 

Despite the highest national priority for the 
manned lunar landing mission, this is not the sole 
goal of the national space technology program nor 
even the essential point of why this nation will 
probably devote more than $50 billion of its tax 
dollars to this task during the next decade. Be- 
cause the requirements for the manned moon mis- 
sion encompass almost every vital segment of 
technology that must be mastered by any sound 
space program, it provides an ideal focal point for 
this vast effort along with the essential stimulus of 
a clear-cut goal and tangible achievement. It also is 
the first point in the history of space exploration 
where it is technically possible for this country to 
overtake the Soviets and beat them to this goal. 

Although NASA’s space exploration program is 
now focused on the moon, the knowledge gained 
from this effort will be reflected primarily in a 
better life for man on earth. 

What can the U. S. citizen who is supporting 
NASA’s effort with his tax dollar eventually ex- 
pect from his investment in space technology? 


• First, it is providing a badly needed exercise in 
mobilizing national resources to achieve a basic 
national goal. This is a capability the U. S. has 
demonstrated previously only under the stress of 
a shooting war. But with the basic change in inter- 
national conflict wrought by the thermonuclear 
threat, this direction of a nation’s specialized re- 
sources to express an essential national purpose 
should not, and indeed cannot, await the obvious 
stimulus of armed conflict. Organization and suc- 
cessful operation of a national space program will 
be a significant exercise of the leadership and flexi- 
bility required for survival as an entity in the 
modern world. 

• Second, it will explore a basic new scientific 
frontier that will produce a vast reservoir of new 
knowledge and technology that will have a pro- 
found and revolutionary impact on our economy, 
in much the same manner that the furious pace of 
research and development during the Second 
World War spawned the giant new industries that 
have sparked our economy through its amazing 
post-war growth. 

• Third, it can provide an expression of national 
vigor and vitality measuring this nation’s capa- 
bility for international leadership at a time when 
this is sorely needed. From its inception, NASA 
has heavily emphasized the openness of its scien- 
tific program and diligently worked with scientists 
of all nations, not only in sharing the knowledge 
gleaned from its own experiments, hut assisting 
them to organize their own space research experi- 
ments and pursue their own specialized lines of 
study. Despite the initial, universally acknowl- 
edged leadership of the Soviet Union in space, 
NASA’s open-minded international cooperation 
program, in contrast to the USSR’s medieval 
secrecy regarding its own technology, has already 
made a significant impact on the minds of the 
international scientific community. Nobody who 
attended the recent Cospar sessions in Washington 
could miss the growing significance of this aspect 
of NASA’s program. 

It is a sad historic fact that the Soviet Union led 
the world into the space age with Sputnik 1 and 
that this country truly organized its own space 
technology program only under the tremendous 
international pressure generated by the Soviets’ 
initial successes. At the time NASA was organized, 
few knowledgeable persons in this country or any- 
where else would have bet that the U. S. flag had 
anything but the tiniest chance of being hand- 
carried to the moon before the hammer and sickle. 

Now we believe that this country has a better 
than even chance to win this laurel, and even if it 


Capabilities, Markets 

docs not, it can certainly become pre-eminent 
across the whole broad spectrum of space tech- 
nology as long as the present scope and quality of 
its program continues to receive the current meas- 
ure of public and governmental support. 

President Kennedy established the manned 
lunar landing mission as the goal of a vastly ex- 
panded space technology program in May. 1961, 
little more than a year ago. Since then NASA has 
moved with a speed, vigor and imagination not 
usually found in government to organize, expand 
and enlist the necessary technical and industrial 
support to achieve the Apollo goal. 

In mid-1962 it is possible to perceive the fidl 
pattern of these changes, the problems they present 
and the challenges they offer to science, industry 
and education. This is why Aviation Week & 
Space Technology picked this particular time 
to assign a special editorial task force to a three- 
month study of the new NASA pattern and its 
portent for the aerospace industry, which is pre- 
sented in this issue. Virtually all of the new 
NASA pattern is now complete and the outline 
of its major future problems clearly visible. The 
only piece still missing is the decision on which 
technical approach will get top priority as the 
major spearhead through space to the moon — 
lunar rendezvous or earth orbital rendezvous. 
Even this decision should be made before the end 
of July. 

NASA has made remarkable progress in gearing 
its operations to the accelerated pace and expanded 
goals of the Apollo program, but it still faces many 
major problems in the years just ahead. These 
include: 

• Personnel. NASA is successful in attracting 
recent college graduates with the bait of oppor- 
tunity to complete advanced degrees while work- 
ing on the latest technologies. It has also attracted 
some good men from industry with the lure of 
directing major new programs, hut it is having 
trouble in getting the large quantity of experienced 
engineers and scientists in the ranges where in- 
dustry salaries are much higher and NASA job 
challenges are not overriding considerations. 
NASA already has gone to industry to fill two key 
requirements originally scheduled for in-house 
capability in the Bellcomm systems planning con- 
tract and the General Electric Apollo systems inte- 
gration and quality control contract. 

• Technical gaps. Major technical gaps must be 
filled in various areas of the space technology 
spectrum such as high speed re-entry, orbital ren- 
dezvous, bioastronautics, radiation patterns, etc., 
before the full firm foundation for Apollo can be 
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built. NASA faces the problems of filling these 
major technical gaps at the same time it is de- 
signing hardware for the lunar mission. 

• Military interface. Few of the knotty problems 
of organizing and operating an effective NASA- 
military interface have been tackled yet. although 
increasing emphasis is being given to this area. 
Still unresolved is how much the military require- 
ments in space will influence NASA’s research and 
development programs and how much military 
support NASA can expect for its future efforts. 

• Public and congressional support. Congress 
has supported the $3.7-biIlion NASA budget for 
Fiscal 1963 with an unprecedented unanimous 
vote in the House. Overwhelming endorsement of 
this budget is also expected later this month from 
the Senate. But as NASA programs progress, 
funding requirements inevitably will rise consid- 
erably above early estimates and it is likely that 
the agency will have to ask Congress for support 
in the $6-billion area for future years or face a 
significant reduction in its program operations. 
To get sustained support over the next decade 
from both Congress and the taxpaying public at 
this level will require both an uncliallengcably 
superior performance by NASA, and a thorough 
understanding of its operations and achievements 
by the public. 

For industry, the expanding NASA program 
offers new markets and presents many new chal- 
lenges. It will require managements alert to the 
rapidly shifting tides of technology and technical 
capabilities to exploit them in a highly competitive 
environment. It will present managements with 
new ground rules in procurement, proprietary 
rights and profits and it will present industrial 
technology with new standards of reliability, de- 
sign and production. 

In looking over space technology in the summer 
of 1962, after visiting most of the NASA research, 
development and test centers and many of the 
great industrial complexes that support them, it 
appears that an ineffable spirit is stirring in the 
land. It is attracting the mentally adventurous and 
youthfully bold to this exploration of the universe 
in much the same spirit with which the ships of the 
late 15th Century mariners were crewed to ex- 
plore the western oceans. 

Like these ancient European mariners, who 
never achieved their goal of a shortcut to the 
Orient but opened the Americas instead, the space 
explorers of this generation may find their real 
achievements in areas that cannot be seen from 
this point in time on the earth’s crust beneath its 
atmospheric sheath. — Robert Ilotz 



CYCLONIC STORM area, left, photographed by Tiros 5 which was launched last June 19, demonstrates advanced state already reached by 
these experimental NASA meteorological satellites. Tiros 5 photo at right shows Nile River, Suez Canal, Red Sea. 


Manned Lunar Program Reshapes NASA 


Decision to push Apollo expands size and cost of 
agency’s effort, strengthens its reliance on industry. 

Washington— Mandate to attempt the greatest engineering feat ever under- 
taken by man— landing men on the moon and bringing them back to earth— 
has shaped and changed the National Aeronautics and Space Administration 
until it can almost be considered a new agency undertaking a new program. 

Manned exploration of the moon and planets has been implicit in NASA’s 
mission since it was created. But until the Apollo lunar project was 
announced by President Kennedy on May 25, 1961, NASA was not specifi- 
cally committed to any manned space flights beyond Project Mercury. 


The Apollo decision greatly expanded 
the size and cost of NASA's program, 
caused an internal reorganization, forced 
a strengthening of the agency’s relation- 
ships with Defense Department and a 
broadening of its dependence on indus- 
try, cast its relationships with Congress 
in an entirely new light and sharpened 
an already keen sense of urgency. 

Manned space flight now represents 
one-half to two-thirds of NASA’s total 
effort. The civilian space program has 
many goals aside from the lunar mis- 
sion. But Apollo is affecting even these, 
by forcing lunar scientific projects into 
more of a supporting than a purely ex- 
ploratory role, for example. 

Although change and growth are the 
norm in any dynamic situation, NASA's 
evolution in the past 13 months has 
made its earlier years seem peaceful. 

NASA asked the Congress this year 
for $3,787 billion in Fiscal 1963 funds 
and a supplemental Fiscal 1962 appro- 
priation of $156 million. The 1963 
figure is more than double previous 
year's budget, which in turn was 16 
times that of the last budget requested 
by the old National Advisory Commit- 
tee for Aeronautics five years ago. 

Requested increase in headquarters 


strength for the fiscal year that began 
July 1 was 494 people— almost the size 
of the entire NACA headquarters be- 
fore NACA became the nucleus for the 
space agency. This increase, much of 
which is to support the manned lunar 
program, would bring headquarters 
strength to about 1,900 by the end of 
this fiscal year, nearly four times the 
size of NACA headquarters. 

Basic Steps 

The basic steps in putting together 
the Apollo program have been taken. 
A management structure has been 
created, with the help of formal and 
informal advice from government and 
industry'. Although NASA intends to 
retain a flexibility’ on detailed methods 
—such as lunar vs. earth rendezvous and 
even rendezvous vs. direct ascent— the 
essential elements of hardware have 
been decided on and most have been 
contracted for. 

NASA's problems now are to manage 
this vast undertaking, cover the many 
engineering and reliability hurdles im- 
plicit in the assignment, see that no 
other programs are slighted and con- 
tinue to convince the Congress and the 
public, as successfully as it has in the 


past, that the over-all program merits 
support. The latter will be no small 
task, since the projected cost of the 
space program over the next 10 years is 
$35 billion, with about $20 billion ear- 
marked for manned flight. 

Tlie tremendous cost and low produc- 
tion runs on launch vehicles, space- 
craft and components— some of which 
must function so perfectly that men can 
rely on them for their lives at a distance 
of 240,000 mi. from the earth— have led 
NASA to institute a rigorous quality- 
assurance program that is requiring 
stringent inspection by NASA and ex- 
tensive inspection and detailed report- 
ing on reliability procedures by prime- 
contractors, subcontractors and sup- 
pliers (see p. 349). 

NASA also must continue to look 
for flexibility and improvement in its 
management, something it has done 
continuously since it was created on 
Oct. 1, 1958. And it must satisfy the 
Congress, which it has not done vet, 
that it has solved all the many interface 
problems between the civilian and mili- 
tarv space programs. 

K'ASA research, development and op- 
erations work is carried out by eight 
major centers, the California Institute 
of Technology’s Jet Propulsion Labora- 
tory, and five smaller offices or installa- 
tions (sec p. 78). The organization has 
grown from about 8,000 NACA em- 

E loves and a handful of Navy personnel 
om the Vanguard and upper air re- 
search groups in late 1958 to 21,880 
at the end of Fiscal 1962 and is ex- 
pected to increase by almost 4,400 in 
this fiscal year. These figures do not 
include JPL, which is a contractor. 

About 32% of NASA’s total employ- 
ment in the recent past has been scien- 
tists and engineers, but the current goal 
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is about 35%. The theory is that bring- 
ing more people with these skills into 
NASA will do more to conserve U.S. 
technical manpower than anything else, 
since NASA must manage such large 
technical projects with industry. 

Last November, NASA began a re- 
cruiting drive for technical employes— 
chiefly engineers— that was to cover 31 
cities. Bv early March, NASA had 
made S00 offers and 37% had accepted. 
Albert F. Siepert, NASA's director of 
administration, called this “an unheard 
of acceptance rate in view of industry 
experience." NASA is less concerned 
at this point about its own recruitment 
problems, in which it seeks about three- 
fourths engineers, as it is about the sci- 
entific area generally. 

Associate Administrator Robert C. 
Seamans, Jr., told Congress his personal 
feeling was that “we are somewhat weak 
in the scientific area and I think if you 
look ahead we’ve got to make strenuous 


efforts in this country to augment the 
number of really capable scientists that 
we have." NASA attempts to help in 
this through space science programs 
with universities. 

A great portion of the management 
of NASA's technical projects is handled 
by the centers themselves. Headquar- 
ters limits itself chiefly to the manage- 
ment of over-all programs, attempting 
to continue the NACA approach ot 
decentralization. 

NASA's Office of Manned Space 
Flight is an exception to this rule in 
some ways, and although the advent 
of Apollo was not the sole reason for 
the reorganization that created this 
office, it was the key one. 

When President Kenned)' took office 
early last year, all agencies were asked 
to re-examine their budgets, which had 
been fonnulatcd while the previous 

The space agency's response to this 


was to pose two major policy questions: 

• Since the U. S. was clearly behind 
the Soviet Union in space propulsion, 
should it accelerate tne development 
of large boosters? Estimated price tag 
for doing this was SI 00 million for the 
first year. 

• Did the new Administration want to 
reaffirm the old Administration’s deci- 
sion not to go beyond Project Mercury, 


The President asked NASA to turn 
these questions into recommendations. 
He accepted the first almost immedi- 
ately and requested a supplemental 
appropriation for boosters late in March 
of last year. The second recommenda- 
tion produced a great deal of discussion 
involving members of government, sci- 
ence and industry, and resolved itself 
into a question of when and where the 
U.S. could catch Russia in manned 
space flight. 

The conclusion was that Russia al- 
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RANGER 4 DURING ASSEMBLY 


most surely could orbit a manned space 
station before the U. S. and that it 
probably could also circumnavigate the 
moon earlier. This left the manned 
lunar landing as the most probable 
chance, and the result was Apollo. 

Top NASA officials say the first 
Soviet manned space flight in April of 
last year and the suborbital flight of 
U. S. Astronaut Alan Shepard, Jr., 
both of which occurred while Apollo 
was being considered, had profound 
effects on the decision-making process. 

Prior to the headquarters reorganiza- 
tion last Nov. 1, NASA centers re- 
ported to three program offices in head- 
quarters. Four reported to the Office of 
Space Flight Programs: one— Marshall 
Space Flight Center at Huntsville, Ala. 
—to the Office of Launch Vehicles; and 
the three former NACA centers, Lang- 
ley, Lewis and Ames, reported to ad- 
vanced research. NASA also had a life 
science program office but no centers 
reported to it. 

One key problem under this system 
was that NASA had no central place 
where it could take a look at the budget 
in terms of over-all resources and make 
judgments that justified the program of 
one office vs. that of another. 

About a year ago, the agency created 
the Office of Programs, reporting di- 
rectly to Associate Administrator Sea- 
mans and liberally staffed with technical 
people, to enable him to make program 
decisions based on a complete technical 
and financial picture. 

Next came the problem of how to 


manage the rapidly expanding manned 
space flight program, which involved 
every center to some degree, without 
letting it completely overshadow space 
sciences, aeronautical research, etc. 
NASA talked informally and contracted 
formally with well-known government 
and industrial names in management— 
Rabom, Schrievcr. Dempsey. Mcttler, 
Raino. and the firms of Booz, Allen & 
Hamilton and jolin Diebold Associates 
—as it struggled with this question. 

The job was considered to be too 
large for any single center to manage. 
It must be done in headquarters with 
a strong organization that could pull 
together all elements of the program, 
but without requiring centers to report 
to it so completely that Goddard, for 
example, which does only a fraction of 
its work in support of manned flight, 
would find its other programs adversely 
affected. 

Centers report directly to Seamai.s 
for institutional matters, but to specific 
program offices on program and project 
problems. 

The Office of Manned Space Flight 
was created with several major differ- 
ences from the other headquarters pro- 

am offices (see p. 87). One is the 

ct that it will manage the over-all 
Apollo project, including the systems 
engineering aspects, from headquarters 
-something which is not done with any 
other NASA project. 

Another is reliance on industry for 
management help. The original plan 
was to recruit enough highly skilled 
technical management personnel from 
industry and from NASA itself to man- 
age the program from within. But it 
soon became apparent that NASA could 
not recruit that much top talent in 
time— and probably not at all. on gov- 
ernment salaries.’ Consequently, the 
agency turned to American Telephone 
& Telegraph and Western Electric for 
assistance in systems analysis and to 
General Electric for help in integration 
and checkout of a number of Saturn 
and Apollo subsystems and systems 
(AW Apr. 2, p. 38). 

The Manned Space Flight Office is 
directed by Braincrd Holmes, who came 
to NASA from Radio Corp. of America, 
where he directed the creation of 
USAF's Ballistic Missile Early Warning 
network. His office ultimately will have 
a staff of 400 to 500 people. AT&T 
and Western Electric have formed 
Bellcomm as a wholly owned subsidiary 
to support Holmes' deputy for systems, 
Joseph F. Shea, by studying mission ob- 
jectives and methods by which they can 
be reached, determining broad specifi- 
cations and conceptual designs of major 
subsystems, establishing guidelines for 
subsystem interfaces, evaluating pro- 
gram technical status and making 
trade-off studies. Bellcomm, which will 
do most of its work in Washington, 


now has about 50 personnel. It expects 
to expand to 200 technical and 200 sup- 
port personnel. Initial contract amount 
for Fiscal 1962 was about 5500,000 and 
estimates for subsequent years range 
from $5 million a year upward. 

GE will support Holmes' director of 
integration and checkout, James E. 
Sloan, by checking in detail the inter- 
faces that exist between spacecraft and 
booster and between booster stages, and 
by gathering and processing reliability 
assessment data. Each stage of the 
Saturn and Nova launch vehicles is es- 
sentially a complete missile system, and 
unless each is wrung out completely 
for reliability, the laws of probability 
"are really working against you,” Sea- 

GE has about 60 people assigned to 
this task now. Ultimate size of GE's 
operation and total cost of the contract 
are not known yet because parts of its 
mission still are being defined. 

Holmes’ office also has directorates 
for aerospace medicine, spacecraft and 
flight missions, launch vehicles and 
propulsion, and program review and re- 
sources management. 

With the manned space flight man- 
agement question resolved, NASA took 
this opportunity to solve other man- 
agement problems by reorganizing more 
clearly along program lines. There is, 
for example, no launch vehicles office 
now. Vehicles supporting the manned 
space role are a part of that program; 
vehicles used chiefly for scientific satel- 
lites and probes now fall under a space 

The program offices other than 
manned space flight, and some of the 
considerations that went into their 
creation, are: 

• Space sciences. NASA was concerned 
that it had not taken full advantage 
of the space science potential because 
of a preoccupation with technology. It 
pulled all the elements-vchicles, space- 
craft, basic and applied research done 
by universities in support of the pro- 
gram-in to one office, so that Director 
Homer E. Newell could deal directly 
with any center supporting any phase 
of his work. NASA also wanted to make 
greater use of university researchers, 
both for their competence and because 
universities are the training grounds for 
future scientists and engineers who will 
be needed in space fields. 

• Applications. Earth satellites have 
reached a stage of practical usefulness 
more rapidly than many would have 
predicted in 1957. Although NASA is 
charged with a research and develop- 
ment responsibility rather than one of 
application, it has progressed sufficiently 
in meteorological and communications 
satellite work that it seemed necessary 
to give the applications satellites sepa- 
rate status. NASA now is studying, 
with Navy, commercial shippers, the 
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NASA Budget Breakdown 

Washington— Nationa 

Aeronautics 

and Space Administration 1 

s asked Con- 
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Fiscal 1962 funds. 'Hie 
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on the NASA budget, tin 


for Fiscal 1963 breaks dow 


this wav: 
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• Fracking and data acqui 
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last year. Total personnel 

ill be 1,887. 


Federal Aviation Agency, airline in- 
terests and the Maritime Commission, 
the feasibility of civilian navigation 
satellites that would be based largely 
on Navy’s work in the Transit program. 

• Advanced research and technology. 
The old advanced research office dealt 
only with the three former NACA 
laboratories. Since their work is so in- 
tertwined with advanced research in 
other NASA centers, in industry and at 
universities, the new office was given 
the responsibility for all advanced re- 
search work. Nuclear propulsion and 
auxiliary nuclear power work also fall 
under this office. Much of the effort 
in this program is not directly oriented 
to a specific mission, but some of it 
provides vital technological support for 
immediate problems. The lunar ren- 
dezvous scheme, for example, was a 
product of in-house research at Langley 
that was not originally mission-oriented. 

• Tracking and data acquisition. This 
task of collecting and making sense of 
an ever-increasing amount of informa- 
tion gathered in an expanding space 
program had reached a complexity that 
demanded a central office for coordina- 
tion of three NASA networks that in- 
volve civilian, DOD, industrial and for- 
eign stations and personnel. 

NASA does not consider this organi- 


zation static. It has, in fact, made a 
number of lesser changes since last 
November, and the latest center to be 
created— the Launch Operations Center 
at Cape Canaveral, Fla.— only came 
into being on July 1. The group there 
formerly reported to the Marshall Space 
Flight Center as one of its directorates, 
but the bulk of the NASA-generated 
expansion at the Cape is directly related 
to manned flight. Consequently the new 
center will report to the Office of 
Manned Space Flight. 

The agency docs not rely primarily 
on informal suggestions and outside ad- 
vice to determine what management 
changes it should make. It has created a 
Management Analysis Division under 
the Office of Administration whose job 
is to be concerned on a continuing basis 
with the over-all organizational struc- 
ture. both internal and in relation to 
other government agencies. 

Air Force Systems Command recently 
brought Maj. Gen. Osmond J. Ritland, 
former head of its Space Systems Divi- 
sion. into its headquarters at nearby An- 
drews AFB, Md.. to be deputy com- 
mander for manned space flight and 
AFSC-NASA liaison chief. He will have 
six directorates corresponding to those 
in Holmes’ office, in addition to other 
groups. Those corresponding to the 
NASA offices will handle the liaison 
that both agencies want and Congress 
insists they must have, but any specific 
program will be clearly assigned either 
to NASA or AFSC, rather than for 
them to have joint responsibility. 

NASA still has not ironed out to the 
satisfaction of the Air Force nor some 
key congressional critics its relationship 
to the Defense Department in the field 
of bioastronautics. The new AFSC 
office also is expected to eliminate some 
of the friction in this area. 

The House Science and Astronautics 
Committee has explored in some detail 
the questions of whether a larger mili- 
tary space program is needed, whether 
there is proper liaison between NASA 
and Defense, and whether NASA’s 
program is responsive enough to present 


and future space needs of the services. 

Most of this criticism— and a possible 
solution— seems to be summarized in 
a view expressed before this committee 
last spring by Dr. William O. Baker, 
vice president for research of the Bell 
Telephone Laboratories and a member 
of AFSC's board of visitors. Baker 
said NASA-Defense collaboration was 
"evolving in a very good pattern” and 
that he felt it was evident that the 
U. S. had "the capabilities, with the 
right kind of policy behind them, to 
make considerable progress, perhaps 
even satisfactory progress, by a parallel 
military effort along with the NASA 
one. I would submit that we do not 
have such policy, or such authority at 
the moment,” Baker said. 

The question of the hard-to-define 
military role in space, most of which 
seems to lie in the future, probably is 
a question for the National Aeronautics 
and Space Council and the White 
House to consider continuously and ex- 
pand as necessary. But NASA probably 
can anticipate that future management 
changes will include some affected by 
the military question. 

The council, chaired by Vice Presi- 
dent Lyndon Johnson and including 
NASA Administrator James E. Webb, 
the secretaries of state and defense and 
the chairman of the Atomic Energy 
Commission, has played a vital role in 
problems affecting NASA— particularly 
Apollo and communication satellites— 
but it has not attempted to act as a 
board of directors overseeing each pro- 
gram and project. 

Associate Administrator Seamans told 
Congress he did not know of any 
recommendation made by the space 
council “which has been at odds with 
the programs that we have been con- 
ducting. I know of no conflict.” 

With exceptionally good relations 
with Congress and the space council, 
and good if not perfect relations with 
Defense Department and industry, 
NASA’s greatest task in the years 
ahead would seem to be to achieve all 
the goals set out for it. 


Western Operations Office 

Santa Monica. Calif.- Western Operations Office administers $LS bilUon in 
National Aeronautics and Space Administration contracts with companies in the west- 

This office, which is considered an extension of NASA headquarters and reports 
to the Office of Administration there, also negotiates contracts and supports NASA’s 
technical centers by providing a technical and quality assurance monitoring function. 

Director Robert W. Kamrn said the office currently issues vouchers totaling about 
$30 million per month to contractors. The office was established as the Western 
Coordinating Office in 1958, and had a staff of four. In August of 1959 it assumed its 
present name. The staff then totaled 10. It now stands at 130. 

NASA recently established an office at North American's Space and Information 
Systems Division in Downey, Calif., to expedite decisions on the Apollo spacecraft 
and the Saturn S-2 upper stage. It is headed by John R. Biggs and is an element 
of Kamm’s office here. 
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DR. KUNIO HIRAO, left, chief scientist of Radio Research Laboratory, and Toshio Muraoka of Yokohawa Electric Co. participated in 
joint Japancse-U. S. firing of Nike-Cajnn sounding rockets from NASA’s Wallops Station, Wallops Island. Va. 


NASA Spurs International Space Efforts 


\\ aslungton— Broad but highly selective program of international coop- 
eration involving more than 55 nations is rapidly and quietly spreading the 
scientific benefits of space research and proving the openness of the U. S. 
civilian space program to the free world. 

Even the Soviet Union has shown an inclination in recent weeks to con- 
sider cooperative projects, after almost four years of refusing to deal with 
anyone including the Communist satellite nations. 


There is a strong belief in the 
National Aeronautics and Space Ad- 
ministration that the change in Russia’s 
attitude is a direct result of the highly 
successful program NASA has built for 
the U. S., which has included partici- 
pation by the same Communist nations 
that Russia rebuffs. 

Neither the extent of U. S. space 
ventures with other nations nor the 
hard-headed practicality of the program 
is appreciated widely in this country, 
NASA believes. Nor has the aerospace 
industry fully realized the scope of the 
potential market that broad participa- 
tion by less technically advanced nations 
represents. 

More than 46 nations are directly 
involved in cooperative projects such as 


satellite and sounding rocket launch- 
ings, ground-based meteorological ob- 
servations related to U. S. weather satel- 
lite flights, and communication satel- 
lite experiments. 

Forty-five or so are involved in opera- 
tional support for Minitrack, Mercury 
and deep space tracking networks— with 
some countries paying for and manning 
the stations themselves and sharing 
data with the U.S. About 30 countries 
arc engaged in NASA-sponsored educa- 
tional and training programs, which 
include a year of study in the U. S. 

More than 1,000 scientists and gov- 
ernment officials from more than 40 
countries visited NASA installations last 
year, and this program is growing as 
participation expands. 


This year, for the first time, members 
of the United Nations Committee on 
the Peaceful Uses of Outer Space 
visited Cape Canaveral. They were in- 
vited as guests of NASA and the U. S. to 
witness the world's first cooperative sat- 
ellite launching of the project— the 
U. S.-United Kingdom Ariel radiation 
satellite. 

Delegates to the third annual meet- 
ing of the Committee on Outer Space 
Research (Cospar) of the International 
Council of Scientific Unions-including 
some delegates from Iron Curtain coun- 
tries— took advantage of the Washing- 
ton meeting site to visit NASA's nearby 
Goddard Space Flight Center and the 
Wallops Station at Wallops Island, 
Va., where NASA and joint-project 
sounding rockets are launched. 

More important than the breadth of 
this cooperative program is its insistence 
on quality. The decision to enter a 
joint project through an agreement with 
NASA's Office of International Pro- 
grams must be the other country's, and 
the ground rules are strict: 

• No dollars exchanged. NASA does 
not insist on equal expenditure of dol- 
lars, but each side must finance its own 
contribution. 

“This is much more meaningful than 
if we subsidized the whole program," 
Marvin W. Robinson, deputy director 
of the international office, said. "First 
of all, the other country should know 
it has to be able to afford what it’s get- 
ting into and second, it can make its 
likes or dislikes known this way, so that 
it is a truly cooperative program." 

• Experiments must hold promise of 
producing a meaningful scientific con- 
tribution and must be of mutual in- 
terest. “We are not interested in just 
supplying rockets,” Robinson said. This 
does not mean that NASA rejects a 
country automatically if its space tech- 
nology is not as advanced as that of the 
U. S.— that would defeat the purpose 
of the international program. 
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In Pakistan's case, for example, initial 
talks between U. S. and Pakistani scien- 
tists indicated that Pakistan was not yet 
technically ready for a joint experiment. 
NASA trained Pakistan scientists and 
technicians at Goddard. Wallops and 
two universities. Then it sent a tech- 
nician to Pakistan to help select a 
launching site, and provided a Nike- 
Cajun sounding rocket for a sodium 
sapor experiment. The Pakistanis in- 
stalled the equipment, manned the 
range, etc., and last June 7 the Nikc- 
Cajun— renamed Rchbar 1— made the 
first Pakistan space flight from a site 
near Karachi. Several more experiments 
in the joint project are due over the 
next few months. 

"This is cooperation in depth,” Rob- 
inson said, "not just an exchange of 

• Joint projects are completely open. 
All U.S. agreements are with civilian 
agencies, designated by the other coun- 
try’s government so that NASA does 
not become entangled in domestic dis- 
putes between rival space organizations, 
and the data gathered must be made 
available to the scientific community. 
All agreements so far have been between 
NASA and a single government organi- 
zation with the exception of Telespazio, 
a part-government and part-private or- 
ganization created in Italy for participa- 
tion in communication satellite experi- 

"NASA is not trying to sell or push 
this down any one eisc's throat," Robin- 
son said. "The impetus has to be theirs. 
We point out that there is no sense 
in doing one experiment and quitting. 
We are trying to attract but we arc not 
subsidizing.” 

Word on the joint program is ex- 
changed through visits of U. S. scientists 
to meetings abroad and vice versa, 
through U. S. information channels, 
and so on. U. S. embassies are pro- 
vided with details on the fellowship 
program, “but with careful instructions 
that no one is to beat the drums." Rob- 
inson said. 

"There is no need to get involved 
with countries that cannot afford a proj- 
ect or haven't the scientific competence 
-and yet we have the grc-.it number of 
participants that we do, and the num- 
ber is growing." 

Industry Interest 

Increasing interest by U. S. aerospace 
firms in recent months has led NASA 
to believe that the industry is just be- 
ginning to appreciate the magnitude of 
the international program. 

The potential market for rocket and 
satellite hardware, electronic flight and 
ground equipment, range instrumenta- 
tion, propellants, etc., is a large one. 
Even if other countries intend to do 
their own manufacturing, which many 
have indicated they do, they are often 


interested in the possibility of cross- 
licensing agreements. 

NASA can offer little specific assist- 
ance beyond informing industry what 
countries arc involved in programs and 
explaining what its own role is, since 
other government agencies handle such 
problems as export licensing. But the In- 
ternational 1-rograms Office is receiving 
about one visit a week from firms that 
are ready to send sales representatives 
abroad to explore the market potential, 
and Robinson recently was asked to 
speak to an Aerospace Industries Assn, 
group about the scope of the coopera- 
tive program. 

Practical Advantages 

NASA recognizes the obvious po- 
litical advantages that running a com- 
pletely open program brings to the 

as a civilian agency for the peaceful ex- 
ploration of space. Fortunately both 
the Eisenhower and Kennedy admin- 
istrations have recognized that the pro- 
gram is only worthwhile— even from the 
political point of view— if real scientific 
contributions are made. 

"We can never be accused of run- 
ning a cooperative program for purely 
political gain," Robinson said. "When 
a scientist from a cooperating country 
gets up at a meeting abroad to report 
to a scientific body, it is pretty easy for 
fellow scientists to ascertain whether 
the experiment has been a useful one. 
We would do a disservice to both coun- 
tries if we ran meaningless programs.” 

There arc practical reasons other than 
political for joint operations: 

• “No nation has a monopoly on brain- 
power, and the problems and questions 
to be answered are tremendous," Rob- 


inson said. "We want to have as many 
people as possible involved, especially 
if what is learned is to have any appli- 
cation beyond basic science.” 

Through an agreement with Sweden, 
NASA will provide four Nikc-Cajuns 
for four shots from the Vidsel Range 
late this summer that will sample noc- 
tilucent clouds. Origin of these very 
high, faintly luminous cloud's is un- 
known. They occur only for a short 
period of the year and only in certain 

Last Apr. 26, the first of three Nikc- 
Cajuns was launched from Wallops Is- 
land in a joint U. S.-Japanese test of a 
Japanese-developed radio-frequency res- 
onance probe that may pennit measure- 
ment of electron density and tempera- 
ture simultaneously with only one in- 
strument. and at a faster rate than be- 
fore. 

Experiments such as these obviously 
give the U.S. geographic or scientific 
advantages that it would not have with- 

• Savings to the U. S. taxpayer. The 
best example of this lies in the com- 
munication satellite field. The U. S. 
would like to conduct transatlantic 
experiments with the NASA-American 
Telephone <Sr Telegraph Telstar satellite 
and its own Relay satellite. It undoubt- 
edly could have obtained pennission to 
build foreign stations. But the interest 
in other countries is as high as it is 
here. France is building its own SI 2 
million station and England is building 
one at a cost of S3-to-S4 million. Their 
agreements with NASA call only for 
cooperation in research and develop- 
ment, with no commitments regarding 
an eventual operational system. 

Through such agreements. England, 


AVIATION WEEK and SPACE TECHNOLOGY, July 2, 1962 





INDIA'S Prime Minister Nehru visits data 
acquisition station at Ahmedabad. India. 

France and Brazil probably will be 
ready for the first experiments this sum- 
mer; Germany is building a sending 
and receiving station; Italy is construct- 
ing a receiving station and NASA is dis- 
cussing joint ventures with other coun- 
tries. A great number of countries are 
interested, if for no other reason than 
the revenue that such systems are ex- 
pected to produce. But cost and such 
technical limitations as the coverage the 
satellite will give, and the power supply 
it can carry, will hold down the number 
of participants. 

Satellite Workshops 

NASA and other government agen- 
cies recently sponsored an international 
communications satellite workshop, 
similar to the successful international 
meteorological workshop that attracted 
representatives of 27 nations to Wash- 
ington last fall. The space agency paid 
no travel expenses, but representatives 
of some 30 countries attended. 

In addition to training foreign scien- 
tists and technicians at its research cen- 
ters for specific projects such as the 
Pakistani experiment, NASA has two 


which other countries select young 

S ’uatc students to attend one of 18 
ing U.S. universities engaged in 
space-related research. Applicants' qual- 
ifications are reviewed by both the 
academy and the universities. The other 
country provides travel to the U. S. and 
subsistence for a year— again the pro- 
gram is not a U. S. subsidy— and NASA 
pays tuition and inland travel costs for 
visits to NASA centers. The pilot pro- 
gram so far has included seven fellows 
from six countries and has been so suc- 
cessful that it will be expanded next 
fall. The European Space Research Or- 
ganization (ESRO) already has set aside 
15 fellowships to be used in this pro- 
gram. 

• Resident research program. Under 
this plan, carefully selected senior scien- 
tists from both the U. S. and abroad 
work for one year on either theory or 
experiments at Goddard or Goddard's 
Institute for Space Studies in New York 
City. In this case, NASA provides, 
through the academy, a stipend con- 
sistent with the scientist's senior status. 

NASA also is responsive to invita- 
tions for U. S. scientists to go abroad for 
lectures, seminars or possibly even stays 
of a full semester at foreign universities. 
It also is sponsoring a six-week summer 
institute in space sciences at Columbia 
University for outstanding undergradu- 
ates, in which about 20 foreign students 
will participate. 

Program Administration 
All aspects of the international 
program are administered by NASA's 
relatively tiny Office of International 
Programs, under Director Arnold W. 
Frutkin. The office consists of only 19 
people, including secretaries. It draws 
legal and technical help from other 
NASA offices and centers, and most of 
the actual operation involved in joint 
agreements takes place at the field 
level— chiefly at Goddard and Wallops. 
This office also coordinates with State 
Department, the Weather Bureau, the 
academy and other organizations. 

ESRO, which has a membership of 
10 European countries and is the first 
example of regional cooperation in 
space research, has sent groups to the 
U. S. to study NASA's methods. NASA 
can deal with ESRO as it would with a 
single country, but it retains the privi- 
lege of bilateral agreements with mem- 
ber nations just as member nations of 
ESRO retain the privilege of conduct- 
ing their own national programs. 

NASA expects this regional coopera- 
tive approach to grow— possibly in 
South America next — and expects 
greater participation from member na- 
tions of the U. N. space committee. 
Joint satellite launching agreements 


so far have been completed only with 
the United Kingdom and Canada— 
chiefly because cost and competence are 
formidable barriers. But the appearance 
of the large observatory satellites (see 
p. IS3), which can carry a number of 
experiments, may permit other coun- 
tries to send up single experiments. 
They would be subject to the same 
selection process used to select experi- 
ments by NASA, university and indus- 
try experimenters now. 

Participation in NASA’s space work 
has included Czechoslovakia, Hungary' 
and Poland. All three have made corre- 
lated ground observations of Tiros 
weather satellites at the invitation of 
NASA and the Weather Bureau. 

"Some time ago there was a rash of 
propaganda that Tiros was a spy satel- 
lite,” one NASA official said. “The 
value of the openness of the program is 
that everyone recognizes its benefits and 
sees from what it docs that it is not a 
spy satellite. Had we been secretive, 
they would still be calling it a spy, but 
foreigners have actually sat here and 
seen the read-outs." 

Soviet Situation 

Recent talks in Geneva between So- 
viet Academician A. A. Blagonravov 
and NASA’s deputy administrator. Dr. 
Hugh Dryden, produced some hope 
that Russia may eventually cooperate in 
space research. 

A joint communique issued by Dry- 
den and Blagonravov said that recom- 
mendations had been forwarded to 
both governments for cooperation in 
meteorology, a world magnetic survey 
and satellite telecommunications, “look- 
ing toward eventual coordinated launch- 
ings of meteorological satellites" and 
probable coordinated launchings of sat- 
ellites by each country for the magnetic 
project. 

Frutkin pointed out in a speech 
some time ago that the International 
Geophysical Year, often cited as an ex- 
ample of world-wide scientific coopera- 
tion, was in fact a collection of national 
programs loosely coordinated by a non- 
governmental mechanism; that it did 
not solve any political problems; that 
"Soviet intransigence greatly restricted 
the IGY agreements for exchange of in- 
formation” in space research, and that 
Russia "has effectively blocked a purely 
scientific symposium on space research 
under UN auspices in order to exact a 
political price which would give it a 
veto over the activities of other nations 
in meeting the problems of outer 

But the Geneva talks— follow-ups to 
exchanges of views by President Ken- 
nedy and Premier Khrushchev— have at 
least raised the possibility that Russia 
has learned a lesson. If it has, some 
NASA officials are certain that the U. S. 
international program was the teacher. 
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NASA Seeks to Enlarge Space Benefits 


Washington— National Aeronautics and Space Administration has moved 
beyond its communication and meteorological satellite research (see p. 293 
and 300) to begin a modest program of exploring less tangible ways to apply 
the benefits of space technology to the national economy. 

President Kennedy told the Congress last January' that “all of us in the 
United States and in all nations can derive many benefits from the peaceful 
application of space technology. The impact of this new science will be felt 
in our daily lives. 


"It can bring all people closer to- 
gether through improved communica- 
tions,” the President said. “It can help 
control the climate around us. We can 
safely predict that the impact of the 
space age will have a far-ranging effect 
within industry and in our labor force, 
on medical research, education and 
many other areas of national concern.” 

NASA has formalized its approach 
to this by creating a directorate of fu- 
ture applications under its headquarters 
Office of Applications, which is headed 
by Morton J. Stoller. 

One program now in the planning 
stage calls for study of civil applications 
of the Navv-dcveloped Transit naviga- 
tion satellite, including the feasibility 
of its use by civil aircraft and ships. 
Stoller emphasizes that NASA has no 
intention of duplicating current Navy 
efforts, nor docs it see the need for a 
separate civil navigation satellite. The 
Navy already has under development a 
reduced-accuracy, lower cost receiver for 
use with the Transit which the space 
agency hopes to evaluate for civil appli- 
cations. 

Another possible satellite application 
under consideration is a general purpose 
data collection spacecraft that might be 


used to obtain data from a variety of 
different terrestrial sensors. For exam- 
ple, the Navy might be interested in 
placing self-powered buoys at key points 
in the ocean to measure the sea state, 
while the Weather Bureau might be 
interested in small unattended weather 
stations placed at remote sites in the 
Arctic and Antarctic whose measure- 
ments could be telemetered to a gen- 
eral purpose data collection satellite 
for subsequent transmission to data col- 
lection stations. 

Applying Knowledge 

The principal product coming out of 
NASA’s programs will be new knowl- 
edge-knowledge of the space environ- 
ment, the solar system and the earth 
itself. While this will be exciting and 
extremely valuable to the world's scien- 
tists, its impact on the peoples of the 
world probably will be limited, at least 
initially. 

But the new technologies and inven- 
tions, sparked by the needs of NASA’s 
space programs, are certain to have a 
more dramatic impact on industry, and 
through its products, on society as a 

Since any new invention or advance 


in the state of the art usually is a prod- 
uct of knowledge gained from many 
streams of activities, it will not be easy 
to pinpoint those which result solely 
from NASA's efforts and programs, par- 
ticularly since much of the technology 
which NASA uses today is a direct out- 
growth of earlier research and develop- 

A few examples of such advances, 
whose lineage is difficult to trace but 
whose impact on non-military, non- 
space activities appears promising, in- 

• Hydrazine, developed in the early 
1950s for use in rocket fuels, has 
spawned a family of drugs for mental 
illness, for treatment of angina pectoris 
and tuberculosis. 

• Fluoro-ethylene propylene coatings, 
first applied by Jet Propulsion Labora- 
tory to the mandrel core used in cast- 
ing solid-propellant rocket motors to 
enable the mandrel to be withdrawn 
later without sticking and without con- 
tamination of the propellant material, 
is now being applied as a release me- 
chanism in presses used to laminate ply- 
wood, to furniture gluing clamps and to 
rubber gasket molds, according to Louis 
B. C. Fong, chief of industrial applica- 
tions in the office of applications. 

• Magnetic pulse fonning, employed in 
fabrication of the Saturn launch vehicle 
at the Marshall Space Flight Center, 
makes use of strong magnetic fields to 
shape metal. Electrical energy equiva- 
lent to 5,000 - 10,000 ft.-lb., stored in 
banks of capacitors, is dumped into an 
induction coil in less than one millionth 
of a second, generating a tremendous 



MAGNETIC PULSE forming technique being perfected at Marshall shapes metals by dumping extremely strong electrical charge into induc- 
tion coil. Magnetic field pushes metal against die. Parts for Saturn booster arc being formed this way. 
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MARSHALL TECHNICIANS place die around segment of propellant line for Saturn, left, r< 


magnetic field which pushes metal 
against a forming die. 

• Stirred-arc gas heater, a new heating 
device developed by NASA's Ames Re- 
search Center, may find a variety of in- 
dustrial uses where chemical reactions 
must be carried out at extremely high 
temperatures. The heater has two 
doughnut-shaped, water-cooled copper 
electrodes which are caused to spin at 
400 rpm. by the application of an ex- 
ternal magnetic field while a high in- 
tensity arc is drawn between the two 
spinning electrodes. The spinning pre- 
vents electrode burning and the energy 
of the arc is transferred to the gas or 
mixture in which they spin. Operating 
at pressures up to 2,000 psi., the heater 
can heat gasses up to 5,000 deg. and 
provide enthalpies up to 2,000 Btu./lb. 
Speedy Application 

Such new techniques and develop- 
ments generally find speedy application 
throughout the aerospace industry, 
Stoller says, as a result of trade publica- 
tions and technical conferences. But a 
major objective of the NASA future ap- 
plications program is to devise effective 
means for bringing these new tech- 
niques to the attention of companies 
outside the aerospace field, for applica- 
tion to industrial and consumer prod- 

NASA recently has fomied a small 
group at each of its research and devel- 
opment centers whose assignments are 
to familiarize themselves with new tech- 
niques, processes, materials and devices 
being developed or applied in their re- 
spective facilities. 

This will involve close liaison with 
branch chiefs and individual engineers 
and scientists as well as with NASA's 
patent lawyers. Stoller says that ideas 
which are not patentable may neverthe- 
less have sufficient novelty' to offer bene- 
fits to industry users. 

The applications group at each cen- 


ter will file periodic reports on new ideas 
and techniques to NASA headquarters, 
where they will be stored and dissemi- 
nated by the Office of Technical and 
Scientific Information. The first center 
reports are now beginning to come in, 
Stoller says. 

Stoller said NASA is attempting to 
work out plans whereby its outside con- 
tractors would also be required to file 
reports on new techniques. 

Tire problem of how best to dissemi- 
nate such information to companies 
outside the aerospace field is under in- 
vestigation. NASA has contracted with 
the Midwest Research Institute, which 
serves industry in the Kansas City 
area, to conduct a pilot effort to trans- 
fer new techniques coming out of the 
aerospace field to Midwest companies 
operating in other fields. 

Tire institute first had its scientists 
visit major NASA centers and compile 
a list of about 50 comparatively new 
techniques not generally known or ap- 
plied outside the aerospace field. For 
the past several months, MRI has been 
visiting major cities in the Midwest, 
holding seminars to brief local firms on 
these techniques. 

As a result of such seminars, one hat 
manufacturer who was experiencing dif- 
ficulty in separating blocking molds 
from hats because the felt stuck to the 
mold, learned of the use of Teflon to 
prevent mandrel sticking in molding 
solid rocket cores. Tire company now 
coats the blocking mold with Teflon 
and thereby eliminates its previous 
troubles. 

The institute will check later with 
other individual manufacturers to see 
how many are applying ideas learned at 

But NASA is not overlooking the 
need for the effective interchange of 
new technical information among its 
own scientists and within the aerospace 
industry itself. 



dvc it after metal is formed by magnetic field. 


The space agency recently awarded a 
SI. 2-million contract to Documenta- 
tion, Inc., Bethcsda, Md., for the 
creation and first year's operation of an 
integrated technical information center 
to disseminate information to NASA 
scientists, its prime contractors and to 
other designated organizations and sci- 

Thc new scientific and technical in- 
formation facility is expected to receive, 
catalog and file in miniature photo- 
graphic form more than 25,000 reports 
a year from NASA centers and con- 
tractors. The facility will use an IBM 
1401 for automatic location and re- 
trieval of information. 

Biweekly Publication 

All documents registered at the new 
facility will be abstracted,, and the ab- 
stracts will be published in a biweekly 
journal, "Technical Publications An- 
nouncements,” to be prepared by Docu- 
mentation, Inc. and issued by NASA. 
Quarterly, semi-annual and annual 
cumulative indexes will be published. 

The new facility is intended prima- 
rily for use by NASA’s scientists and its 
contractors. While the cataloging will 
be centralized at the site near Wash- 
ington, the facility will supply duplicate 
computer tapes of its catalog to each 
NASA center and to individual organ- 
izations participating in NASA pro- 
grams, so that location of desired ref- 
erences can be carried out on a 
decentralized basis. 

Copies of all reports received by the 
new facility will be sent to each NASA 
center and to participating contractors 
either in original printed form or on 
5 x 8 in. transparencies which can be 
used either in optical viewers or to 
make photo reproductions. 

The new facility is operating under 
the direction of NASA's Office of Sci- 
entific and Technical Information, 
headed by Melvin S. Day. 
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Manned Space Flight 
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Primary control responsibilities during Gemini 
rendezvous and docking operations will be assigned 
to the Astronauts. Man, with his ability to see. analyze, 
reason and judge, will be fully utilized for this im- 
portant phase of America’s first spacecraft rendezvous 

Gemini is a two man, extended mission, orbital 
rendezvous and docking spacecraft now being de- 
signed and built for the National Aeronautics and 
Space Administration by McDonnell. 

Rendezvous in space can have several applications 


in speeding America’s space exploration efforts. Ren- 
dezvous will permit launching of multiple payloads 
with two or more smaller boosters rather than one 
large vehicle. With such techniques it will be possible 
to assemble large space stations, ferry space crews and 
supplies, refuel and/or assemble chemical upper stages 
for deep space missions, and refuel re-usable nuclear 
upper stages for deeper space explorations. 

Space Rendezvous, the key to a quickened pace 
in manned space exploration, is another facet of 
manned space flight being pioneered by McDonnell. 


MCDOISIISIELL. 





APOLLO WOODEN MOCKUPS under construction in North American Aviation’s Downey plant. 


NASA, Industry Facing Apollo Challenge 


Nation gears management and technical resources; 
most complex peacetime job lias $20 billion estimate. 

Washington— Awesome task of landing a man on the moon and returning 
him to earth is the most challenging peacetime undertaking in the history 
of the U. S. 

Project is complicated by the pressures of a tight timetable that will tax 
the ingenuity and resourcefulness of much of the nation. At this point in 
its development, organizing to manage the program is as difficult as the 
technical complexities which the program itself faces. 


Project Apollo, and Mercury and 
Gemini as its precursors, har e become 
the focal point for a significant portion 
of the country's scientific and technical 
effort. An estimated 100.000 top gov- 
ernment. industry and Defense Depart- 
ment personnel must be marshaled into 
a single team to assure success of the 
manned space flight program. 

Manned Probes 

Despite its anticipated S20 billion 
cost and the unprecedented effort it 
demands, Apollo is only a start in man's 

be followed bv manned probes into 
deep space and planetary exploration. 

Effective management of the pro- 
gram demands precise planning and the 
capabihtv for immediate response by 
the decision-maker. Without this, the 
waste in dollars and talent will be 
monumental, because nothing is inex- 
pensive in manned space flight. But the 
potential fallout from the program is 
monumental, too. This facet of space 
exploration has become the primary 
point of competition between the U. S, 
and Soviet Russia, and it is an area in 
which the U.S. can demonstrate its full 
capability. 

National Aeronautics and Space Ad- 
ministration has drawn heavily on in- 
dustry to establish the framework for 
its manned space flight management 
responsibility, both in managers and 


in organization. Brainerd Holmes, di- 
rector of Manned Space Flight, came 
to NASA from Radio Corp. of America, 
where he directed the Ballistic Missile 
Early Warning System program, and 
his office follows closely the concepts 
evolved in the BMEWS work. 

At its heart is a systems engineering 
organization whose task it is to take a 
critical look at every aspect of the 
flight mission. Once the mission has 
been defined, the emphasis shifts to an 
interpretation of its effect on hardware. 

For the past several months, the com- 
plete effort of the Systems Engineering 
Office has been to define the basic 
Apollo transit mode, according to Dr. 
Joseph F. Shea. Holmes’ deputy direc- 
tor tor systems. This sizable effort has 
involved compilation and analysis of 
studies and theories which wall con- 
tribute to a decision being made by 
Holmes and NASA on the fundamental 
approach to the Apollo mission— 
whether it will be by lunar orbit ren- 
dezvous or earth orbit rendezvous. 

Dr. Shea emphasized that responsi- 
bility for implementation of Apollo 
plans remains with the various centers. 
In its relationship with the Manned 
Spacecraft Center in Houston, for ex- 
ample. headquarters is represented bv 
George M. Low. director of Spacecraft 
and Flight Missions. Low said he 
spends about 99 percent of his time in 
partnership with Houston, and about 1 


percent directing the Houston center, 
under Robert R. Gilruth, to do things 
differently. It is his job to be fully 
informed on center-level aspects of the 
program by working closely day to dav 
with Gilruth and his team. 

The in-house management philoso- 
phy. according to Shea, is that “Wash- 
ington draws the roap map; Gilruth 
drives the car." 

Milton W. Rosen, director of 
Launch Vehicles and Propulsion, per- 
forms the same function in head- 
quarters’ relationships with Marshall 
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Space Flight Center and the Launch 
Operations Center at the Atlantic Mis- 
sile Range. 

Holmes' management organization 
also includes an Aerospace Medicine 
directorate, headed by USAF Brig. 
Gen. Charles H. Roadman; directorate 
of Integration and Checkout, headed 
by James E. Sloan, and directorate of 
Program Review and Resources Man- 
agement. headed by William E. Lilly. 

Detailed policies and technical de- 
cisions to conduct the manned space 
flight program are formulated bv 
Holmes, his six directors, and by Gil- 
ruth and Walter C. Williams of the 
Manned Spacecraft Center; Wcmhcr 
von Braun and Ebcrhard Rees of Mar- 
shall Space Flight Center, and Kurt 
Debus of the Launch Operations Cen- 
ter. Together, they form a Management 
Council which meets monthly to dis- 
cuss and resolve interface problems be- 
tween spacecraft and launch vehicle 
and their systems. 

Practical Consideration 

This decision-making structure is be- 
ing complemented by industry under 
contract because of a practical con- 
sideration: NASA was unable to re- 
cruit the types and numbers of people 
it wanted in the face of the schedule 
which has been dictated for the pro- 
gram. A combine of Bell Telephone 
Laboratories and Western Electric, 
called Bcllcom. is furnishing systems 
integration support for Dr. Shea, and 
General Electric will support Sloan in 
checkout, integration and reliability 

It is within this framework that the 
vital management decisions are being 
made in mission philosophy for manned 
space flight: in contractor relationships 
being established for spacecraft and 
launch vehicles, and in developing fa- 
cilities for the manufacture, test and 
launch of the vehicles to transport man 
to the moon and planets. 
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Houston Center Builds Broad Competence 


New facilities to be completed in 1964 for central 
management, testing of manned spacecraft systems. 

Houston— Development and operation of manned space vehicles is the 
responsibility of National Aeronautics and Space Administration’s Manned 
Spacecraft Center, which is being built here as one of the first space develop- 
ment centers to have facilities completely compatible with its mission at the 

The center docs not face the same difficult period of adjustment experienced 
bv other NASA laboratory complexes when the agency’s emphasis shifted from 
aeronautics to space. When construction is completed in mid-1964, the 
U. S. will have a new competence to solve the specialized spacecraft problems 
of manned flight to the moon and planets. 


During the period the center is un- 
der construction on a 1. 600-acre tract 
20 mi. from downtown Houston, tech- 
nical and administrative functions arc 
being carried on by a staff of 1.640 
from eight buildings around the city. 

The organization to develop space- 
craft is being built around project 
offices, one for each of the spacecraft 
projects— Mercury. Gemini and Apollo. 
Operations responsibility is a division 
function, with branches performing 
tasks in pre-flight operations, flight 
operations, and flight crew training and 
preparation. 

Research and Development Division 
gives the center a capability to support 
the three projects directly and to ex- 
plore the field ahead for development 
of future spacecraft. Engineering Sup- 
port Division will provide instrumenta- 
tion and data systems for spacecraft 
boiler-plates and models, data compu- 
tation and reduction, shop services and 
engineering and design services. 

The Administration Division pro- 
vides the standard management, finan- 
cial and facilities sendees, with one 
exception. The center will develop into 
NASA’s largest contracting element in 
terms of dollars obligated. The Fiscal 
196? total will be S800 million, and it 
will grow to more than SI billion in 
Fiscal 1964. 


Manned Spacecraft 

Houston— Manned Spacecraft Center 
being built here has requested an operat- 
ing budget of S39.9 million for Fiscal 
1963. and an increase of 1.060 employes 
to bring the total to 2.700. While the 
center is under construction on a 1.620- 
acrc site adjacent to Clear Lake 23 mi. 

ters ill eight downtown Houston office 
buildings. 

The center was authorized in Fiscal 
1962. and requests during the first two 

value of $90.8 million. ? P 


Major portion of facilities being con- 
structed here will support the Research 
and Development Division, headed by 
Maximc A. Fagct. and the Operations 
Division directed by Walter C. Wil- 
liams. Mercury', Gemini and Apollo 
projects will be located in a project 
management building, essentially an 
office building designed to house 300 
people who will be directly concerned 
with spacecraft development manage- 


Project Offices 

Because all but the future function 
aspect of Houston operations directly 
supports current projects, base of ac- 
tivity at the new center will be the 
project offices. The four divisions will 
feed the following data into the proj- 

• Research and development; spacecraft 
systems, life systems and physics tech- 
nology, and systems test and evalua- 

• Operations: preparation of the space- 
craft, including modifications, individ- 
ual systems tests, altitude chamber 
tests, simulated flights, battery installa- 
tion. pyrotechnic buildup, rocket align- 
ment and weight and balance checkout. 

Flight operations arc divided into 
four distinct phases: filial checkout, 
countdown and launch; flight control, 
trajectory assessment, systems and med- 
ical monitoring, voice communications, 
re-entry and abort; nctu'ork tracking, 
communications and data acquisition, 
and recovery, search and location. 

Paul E. Purser, special assistant to 
Robert R. Gilruth. director of the cen- 
ter, explained that crew preparation' 1 for 
Gemini and Apollo missions will be 
about as self-sufficient within NASA 
as it is for Mercury. Training will be 
keyed to a 40g centrifuge and proce- 
dures trainers to be installed at the 
Houston complex, and a mission con- 
trol center, which NASA wants to 
locate at Houston for both mission 
simulation and mission operations. 

• Engineering support: instrumenta- 


tion. computing and data systems and 
shop services. 

• Administration: costs, contracting 

and procurement, and personnel. 

Purser said the philosophy is not to 
duplicate existing simulators, but to 
build new ones only after technology 
reaches the point where their value is 
assured. Existing planctariums, for ex- 
ample. will be utilized wherever they 
are available. Simulators for rendezvous, 
docking and lunar landing will be con- 
structed, but only after prototypes have 
been developed at Langley and Ames 
Research Centers. 

Training Ground 

Faget characterized his Research and 
Development Division as a training 
ground for engineers and scientists who 
will be assigned to projects, lie feels 
one of his most essential tasks is to 
create a pool of people who recognize 
problems, and who arc able to isolate 
iong lead-time items. Within the con- 
text of the Manned Spacecraft Center 
mission, however. R&D is not abtract: 
it is totally oriented toward specific 
objectives. Tin's is shown by major tasks 
being performed within the division: 

• Spacecraft Research: This branch has 
the general assignment of writing a 
manned spacecraft design manual. The 
assignment involves an all-inclusive 
compilation of existing engineering 
knowledge in such fields as structures 
and loads; flying qualities, reasonable 
safety margins and procedures for ra- 
tionalizing trade-offs. In support of Ge- 
mini and Apollo projects, this branch 
analytically considers the spacecraft as a 
whole to determine how best the sys- 
tem should be configured. This involves 
detailed analysis of weights, flight 
dynamics and structural analysis. 

• Life Systems: The central constrlt- 


Landing Simulators 

Washington— Three dynamic flight 
simulators and a number of ground- 
based simulators for advanced research 

Aeronautics and Space Administration 
for exploring the problems of landing 

A prototype landing simulator is un- 
der construction at Langley Research 
Center using a tethered capsule. The 
Langlev facility will generate technology 
for an operational simulator to be built 
at the Manned Spacecraft Center for 
pilot training and component testing. 
The third landing simulator, a free flight 
system, would be used at the Flight Re- 
search Center at Edwards, Calif., to 

tude of 5.000 ft. 
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GENERAL ELECTRIC CO. engineers read data from a test of the company’s fuel cell, to be incorporated in the Gemini spacecraft for power 
and drinking water. A cell unit is in the background with a heating clement around it. The Gemini system will consist of two sections 
each with three stacks of cells. A stack contains 31 membrane cells fueled by hydrogen and oxygen. 


ant for project offices in acroinedicine, 
and development manager for pressure 
suits. Like the Spacecraft Research 
Branch, this element has the task of 
establishing tolerance criteria across a 
broad front to assure that no artificial 
physiological restrictions will hamper 
the program. 

• Systems Evaluation and Develop- 
ment: This is the key reliability ele- 
ment of the Houston center. Its 
function will be to assess existing and 
follow-on components. At this time its 
major task has been the creation of 
facilities to be used for evaluating. 
Among facilities under design arc large 
vacuum chambers, heating rigs and 
loads instruments. 

• Space Physics: Clearing house for ex- 
periments to be conducted with Gemini 
and Apollo spacecraft. 

In addition. Faget's division has a 
general responsibility to "get better 


components for future spacecraft," and 
the division sponsors advanced techni- 
cal development work in the general 
area of product improvement. Prelimi- 
nary design studies for the future 
presently emphasize advanced heat 
shield technology, nuclear and solar 
power supplies, on-board propulsion 
system improvement, pressure suits and 
the over-all crew equipment problem. 

To perform its functions, the division 
is obtaining a comprehensive inventory 
of laboratories and development facili- 
ties. Now under construction or in de- 
sign arc a spacecraft research building, 
structural test laboratory, electrical, 
electronics and optics laboratory, ma- 
terials and mechanical systems labo- 
ratory, spacecraft environmental test 
chamber, simulation facilities, flight ac- 
celeration centrifuge and thermochemi- 
cal test facilities. 

Manned Spacecraft Center is estab- 


lishing extensive communication lines 
to insure that effective liaison exists 
with other NASA installations, and also 
with its principle contractors. Sizable 
liaison activity exists with Marshall 
Space Flight Center in the Apollo pro- 
gram, because Marshall is responsible 
for the Saturn vehicles which will 
launch the Apollo spacecraft. There arc 
joint panels in all operational and 
mechanical interface areas, and in qual- 
ity assurance and checkout. 

Langley Research Center, which docs 
a considerable amount of general re- 
search in manned space flight, has ap- 
pointed Axel Mattson as a permanent 
representative at Houston. 

Liaison with headquarters is on a 
day-to-day basis through George M. 
Low, director of Spacecraft and Flight 
Missions, who in practice is Houston's 
Washington representative, and Wash- 
ington’s Houston representative. 
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LUNAR ORBIT rendezvous method of landing men on the moon may involve this sequence. Two-man bug would be transferred to the 


Apollo Management Is Focused in Houston 


Houston— Fundamental decisions relating to the evolution of the three- 
man Apollo spacecraft are being made daily in three key locations across the 
country, with the focal point at the Manned Spacecraft Center here, which 
has the responsibility for the development of all hardware from the translunar 
injection point through the completion of the manned lunar landing mission. 

Over-all management of the Apollo system emanates from National Aero- 
nautics and Space Administration Headquarters in Washington. The third 
key location in the network is Downey, Calif., where North American Aviation 
is building the spacecraft under technical and quality criteria unsurpassed in 
previous manufacturing history. 


Apollo is essentially the first program 
NASA is conducting under the systems 
concept, the philosophy aimed at tying 
in all parts of the Apollo program into 
a single, integrated effort. Responsibili- 
ties for the major system elements are 
clear-cut, and interface problems are 
quickly brought to the attention of the 
decision-makers— Btainerd Holmes, di- 
rector of Manned Space Flight, and Dr. 
Joseph F. Shea, Holmes’ deputy' for 
systems. 

Charles A. Frick, Apollo project 
manager, is responsible for the day-to- 
day development of the capsule and its 
flight mission. His management office 
here, and his plant office in Downey 
consist of a random mixture of former 
industry and government technical ex- 
ecutives. He has been given a rela- 


tively free hand to build the most tal- 
ented management-technical team he 
can find, and his office, now totaling 
85, will gradually expand to 200 during 
the next 12 months. 

Frick's deputy is Robert O. Piland, 
who directed the Apollo program 
through its conceptual stages when the 
project was an advanced study in the 
Space Task Group at Langley Field. 
Frick considers himself the "outside 
man," handling all phases of the pro- 
gram conducted away from the Manned 
Spacecraft Center. Piland's task is 
management of the NASA activities 
conducted here, which includes ele- 
ments to monitor command and serv- 
ice module, guidance and control, sys- 
tems integration, flight safety and 
quality assurance. 


In addition, Piland is acting chief of 
the lunar lander module program office. 
The lunar lander is a braking stage 
which will decelerate the Apollo space- 
craft so that it can enter into a lunar 
orbit, and then further brake it to a 
velocity of about 750 fps. for a lunar 
letdown. North American's service 
module will perform the actual touch- 
down braking maneuver. 

Lunar lander will be a part of the 
Apollo system if the earth-orbit launch 
mode is selected for the Apollo mission. 
If the lunar orbit mode is selected, the 
lunar landing module will be climi- 

Houston Group 

Frick's Houston organization is struc- 
tured this way: 

• Spacecraft modules, directed by C. C. 
Johnson, with one key branch chief 
monitoring each major subsystem, and 
others responsible for crew, power, me- 
chanical systems and electrical circuitry, 
and ground support equipment. Branch 
chiefs are industry's direct contacts 
with the project. 

• Planning and resources, headed by 
Thomas Baker. This group develops 
schedules, budgets, facilities and cost 
control, the last function an analysis of 
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what is being spent, and where it is 
being spent. Program Evaluation and 
Review Technique (PERT) is a critical 
part of Baker’s procedure. Daniel 
Sword, a member of the center admin- 
istrative staff, is the contract representa- 
tive in this office. 

• Guidance and control, David Gilbert, 
who is the Massachusetts Institute of 
Technology contact for this system. 

• Systems integration, headed by Dr. 
Paul Weyers, whose functions are 
spacecraft checkout, integration of 
spacecraft and launch vehicle in con- 
junction with the Marshall Space 
Flight Center, mission engineering, 
ground operational support system re- 
quirements, and reliability’. 

General Electric, which will assist 
NASA with checkout and reliability in 
the Apollo project, will have repre- 
sentatives in Houston who will work 
through Dr. Weyers, Frick pointed 
out that in no case will GE resolve con- 
flicts, rather the company will study 
systems integration problems as a staff 
instead of a line contractor. In re- 
liability, GE will analyze such prob- 
lems as crew survivability, mission suc- 
cess probability, mcan-time-to-faihire, 
spares required and optimum redundant 
systems. 

In the operations area, Robert R. 
Gilruth, center director, Walter C. 
Williams, his associate director, and 
C. C. Kraft and Merritt Preston, key 
operations managers, frequently insti- 
tute campaigns to inject operational re- 
quirements into technical spacecraft 


Apollo Design 

Design and mission characteristics 
which have been made firm for Project 
Apollo include: 

• Command module, to have a 154-in. 
base dia. with a 33-dcg. side wall slope. 
It will weigh approximately 10.000 lb. 

• Service module, also to have a 154-in. 
dia. to match the command module. 
Length has not been fixed because the 

been established. Weight will be about 

40,000 lb. 

• Maneuverability will be obtained by 
offsetting the center of gravity 6 to 9 in. 
from the centerline. In-fliglit lift/drag 
ratio will be 0.5, and subsonic lift/drag 
ratio will be 0.7. Potential landing foot- 
print at re-entry will be an area 500 ini. 
either side of the centerline, and 3,000 
mi. downrangc. Re entry angle of attack 
will be 30 deg. 

• Recovery will be on land. Present plan 
is for letdown to be accomplished by a 
cluster of three 85-ft. parachutes, any two 
of which will assure a safe landing. If the 
paraglider system is proved in Gemini, 
the Apollo spacecraft will be fitted with 
this system. 


Frick’s executive assistant is Thomas 
Marklcy, and R. C. Seabold is a con- 
sultant on Apollo manufacturing. 

Resident project manager in Downey 
is George Lcmkc, whose primary func- 
tions arc engineering, quality assurance 
and reliability, and business administra- 
tion. lie is functionally responsible to 
Johnson in Houston, and is structur- 
ing his organization in the same way 
Johnson's command and service module 
division is organized. 

Lemke defined his operation as "in- 
surance" in confidence and maximum 
system reliability. lie will have about 
30 technical people on his staff— di- 
vided among the engineering disci- 
plines. and quality control-design ex- 

Daily contacts between NASA and 
North American on specific problems 
are supplemented by formal bi-weekly 
sessions, and by monthly design review 
meetings. NASA and NAA have estab- 
lished working groups which arc pres- 
ently active in eight specialty areas. 
These working groups may well splinter 
off to isolate specific problems, and 
others could be formed to attack new 
problems. Working groups currently 
are active in vehicle design and inte- 
gration. vehicle dynamics and control, 
vehicle instrumentation, vehicle elec- 
tronic systems design and integration, 
vehicle assembly, system checkout and 
preflight testing, launch operations and 

flight evaluation. 

North American is in high gear on 
the Apollo program, and is looking to- 
ward 1963 for delivery of boilerplate 
and mockup Apollo models. 

John Paup. NAA vice president for 
Apollo, expects his company to acquire 
orders for 16-18 boilerplate models, to 
be built to various degrees of sophisti- 
cation. First boilerplates will be used 
for impact tests at the Downey site 
and for aircraft drops. Later models 
consisting of both command and ser- 
vice modules will be flown on Little Joe 
2 vehicles on ballistic trajectories to 
verify design criteria and to qualify the 
rocket escape system. 

North American also will build sev- 
eral procedures trainers, which will be 
duplicates of the command module and 
these trainers will be linked to com- 
puters for mission profile simulation. 

Many command module wooden 
mockups are under construction in a 
plant area North American calls 
“teepee village,” because the capsule 
looks like an Indian teepee. Paup ex- 
plained that boilerplates will be used 
“to find things out; mockups will be 
used to learn where to put things." 

Placement and coloring of instru- 
ments, compatibility of electronics, 
handling and servicing, interior light- 
ing and egress are among the design 
problems mockups will help solve. 

Reflecting NASA's demand for qual- 


ity assurance. North American is using 
Apollo flight hardware quality control 
procedures to build wooden mockups. 
This allows the company to train its 
manufacturing people in advanced qual- 
ity assurance techniques, and to use the 
techniques as early as possible. Philoso- 
phy is to manufacture a spacecraft 
with the same certification as a com- 
mercial airliner. 

Pending decision on whether earth 
or lunar orbit rendezvous will be se- 
lected for the Apollo mission mode does 
not slow North American’s work, ac- 
cording to John Dislicr of headquarters 
Apollo office. 

Dislicr said the external configura- 
tion of the command module has been 
fixed (see box) to the point where the 
company has been able to start work 
on the design of the prototype com- 
mand module. 

He pointed out that nothing in the 
Apollo design is beyond the existing 
state of the art, although the fuel cell 
system— to generate power and drinking 
water— probably goes farthest in tech- 
nologv. Dislicr feels the major techni- 
cal problems exist in: 

• Reliability of the subsystems, particu- 
larly in sendee module and attitude con- 
trols, guidance, navigation, electrical 
power supply, environmental control. 

• Development of operational tech- 
niques and displays and controls for 
rendezvous, lunar touchdown and the 
checkout and countdown for lunar 
takeoff. 


Apollo Subcontractors 

Houston— Subcontractor estimates for 

$231 million, and the prime contract for 
spacecraft will have a value estimated 
at $1 billion. 

Negotiations arc still being conducted 
with North American Aviation’s Space 
and Information Systems Division for 
the spacecraft, with formal contracts to 

work through the engineering mockup. 
and the second increment will be 
through delivery of the prototype. 

Associate contractor, Massachusetts 
Institute of Technology, has received 
contracts totaling $40 million for de- 
velopment and production of the Apollo 
guidance system. Top tier subcontrac- 
tors and estimated value of awards, arc: 

• Minncapolis-Honcvwcll, $66 million 
for the stability and control system. 

• Collins Radio. S50 million for tele- 

• AiRcscarch. $24 million for develop- 
ment of environmental control system. 

• Marquardt. $12.4 million for' the re- 
action control system. 

• Avco, $11.7 million for heat shielding. 

• Pratt & Whitney, $10 million for the 
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MODULAR structures of the Gemini capsule surround the pilots’ compartment in this scale model. 


Gemini to Be Testbed for New Techniques 


Houston— Role of Gemini as the first truly operational U. S. manned space 
vehicle has been overshadowed by current Mercury flights and the more am- 
bitious Apollo program, but Gemini is expected to become the flexible testbed 
for new techniques and systems for both scientific and military space flight. 

The two-man Gemini will permit long duration flights for assessment of 
the effects of space environment on crewmen and components, test and 


demonstrate rendezvous techniques, r 
become obvious through the Mercury 
reliance on the astronaut as a pilot and 

With its flexibility, Gemini will be 
a true second-generation spacecraft 
rather than a simple adaptation of Mer- 
cury. The only valid similarity between 
the two vehicles, both of which are be- 
ing built by McDonnell Aircraft Corp.. 
will be in external configuration. Even 
the fundamental design philosophy has 
been altered. 

Rapid Development 

Gemini is being designed under the 
modular concept, with major systems lo- 
cated outside the pressure vessel, quickly 
available for replacement or servicing 
through access doors. Mercury has a 
layer-cake design, with systems piled 
one on another inside the pressure ves- 
sel. 

Gemini was approved as a project 
only eight months ago, but final design 


ictify design shortcomings that have 
program, and it will place increased 
controller. 

criteria will be frozen before the end 
of this summer and the first flight is 
scheduled in 14 months. The unprece- 
dented development speed for a flight 
vehicle has been made possible be- 
cause National Aeronautics and Space 
Administration's Manned Spacecraft 
Center decided to establish firm capa- 
bilities for the spacecraft, and then to 
stick to them, rather than to try to 
add improvements continually. Ad- 
vances and sophistications in spacecraft 
will await development of the third-gen- 
eration vehicle, the Apollo A three-man, 
earth-orbiter. 

This extreme scheduling pressure is 
not arbitrary. NASA urgently needs 
the information Gemini will supply in 
order to make intelligent mission plans 
for Apollo, and the Gemini capabili- 
ties are not proving restrictive by any 


standards. They will permit a two-dav 
rendezvous mission with a 6,600-lb. pay- 
load or a 14-dav orbital mission with a 
7,700-lb. spacecraft. 

The rendezvous configuration will 
permit slight changes in orbital plane 
and passive approach to a target vehi- 
cle. 

The long-duration vehicle will have 
the flexibility for a two-man crew or a 
pilot and a menagerie of experimental 
animals. 

Key features of the Gemini system 
serve to illustrate its considerable ad- 
vance over the existing Mercury capsule, 
and to demonstrate the critical value 
of Mercury in development of the sec- 
ond-generation spacecraft. 

Role of Adapter 

Externally, Gemini will look like an 
enlarged Mercury capsule with an adap- 
ter section, 90 in. high and 10 ft. in 
dia. attached to the blunt end. The 
adapter will carry reaction control fuel 
and 104 lb. of oxygen and will have 
the added function of a space radiator 
to cool the crew compartment. Stringers 
in the adapter structure will be hollow, 
and a liquid similar to hydraulic fluid 
will be circulated through them as a 
coolant. 


AVIATION WEEK 


SPACE TECHNOLOGY, July 2, 1962 



The adapter also will house eight 
maneuver control thrust chambers and 
six of the 24 attitude control jets. The 
maneuver control system consists of 
eight 100-lb. thrust units, two of which 
fire aft or down, two forward, and four 
in the direction of displacement. 

Attitude control jets have a 25-lb. 
thrust. Sixteen attitude jets are located 
in the neck of the capsule, a section 
called the re-entry attitude control mo- 
dule; two are located in the re-entry 
module, and six are in the adapter 
structure. 

The adapter will remain a part of the 
Gemini spacecraft in both rendezvous 
and long-duration configurations until 
completion of the mission. At that 
time, the spacecraft will be oriented to 
a 24-dcg. re-entry attitude and the 
adapter will be jettisoned by a shaped 
charge between the re-entry module 
and the adapter. 

Reaction control jets for both maneu- 
vering and controlling attitude will be 
fueled by bi-propellant hypergolics. 
Fuel will be monontethyl hydrazine, 
and the oxidizer will consist of mixed 
oxides of nitrogen. This combination 
will provide a specific impulse of more 
than 280 sec. 

Propellants will be stored in blad- 
ders scaled with a metal disk which will 
be pierced automatically after the 
vehicle is inserted into orbit. Thrust 
chambers will be fixed, and will use 
ablation-cooled nozzles. Solenoid valve 
controls will eliminate tailoff and per- 
mit extremely short thrust pulses— as 
low as 1 5-20 milliseconds. 

Re-entry Vehicle 

The re-entry vehicle, with a base 
diameter of 90 in., houses the pressure 
vessel-crew compartment and the elec- 
tronics and major systems, which arc 
located between the pressure vessel and 



the spaceframe. Primary spacecraft 
power system will be supplied by a 
system of six-module fuel cells, based 
on an ion-exchange membrane to 
produce both electricity and drinking 
water through chemical reaction of hy- 
drogen and oxygen. Two separate silver 
zinc battery supplies will be provided, 
one for arming and safety and to fire 
squibs and pyrotechnics, and the other 
as a backup and for use during re-entry. 

The fuel cell system will deliver a 
cruise power level of 1,600-1,700 watts 
against an average predicted require- 
ment of 600 watts. 

The only major system located with- 
in the Gemini pressure vessel will be 
environmental control, which will 
furnish pure oxygen and maintain a 5.1 
psia. cabin environment. This system 
will vent overboard and will have the 
same major features as in the Mercury 
system. Carbon dioxide will be con- 
trolled by charcoal absorption and suit 
temperature will be controlled by 
oxygen changing to water through a 
heat exchanger. Humidity is con- 
trolled by water removal downstream 
from the heat exchanger. 

Oxygen for use in orbit and oxygen 
for use in re-entry will come from two 
independent systems, the orbital sys- 
tem tanked in the adapter and the re- 
entry system in the re-entry module. 

Pressure suits of both astronauts will 
be connected in parallel in a single 
closed loop system, which means the 
pilots must agree on a temperature en- 
vironment. 

The re-entry module will have large 
access doors for servicing and replacing 
equipment without the need to tear 
the entire capsule down. This will solve 
one of the major problems found in 
Mercury. When a system fails to check 
out, it will be replaced on the pad. On 
several occasions, the Mercury capsule 
had to be removed from the launch 
vehicle and generally disassembled to 
remove a system found faulty during 
countdown. 

Gemini pilot seats will be universal, 
but astronauts will have individually 
molded couches from the buttocks up. 
Abort can be initiated by either crew- 
man. Each will have a D-ring actuator 
which will eject both in a single 

Immediately forward of the re-entry 
module is the re-entry reaction control 
system structure, and forward of this 
section is the paraglider stowage com- 
partment and rendezvous radar system. 

Incorporation of maneuvering con- 
trols, a displaced center of gravity and 
the paraglider system are the main 
features which combine to make 
Gemini an operational spacecraft, cap- 
able of positive pilot control in orbit, 
during re-entry and after re-entry. 

Homer Dotts, Gemini structures 
chief explained that the center of 


DRAWING shows Gemini-Titan 2 during 
boost. Abort escape will be accomplished 

gravity is offset 3 in. from the space- 
craft centerline, and by re-entering the 
atmosphere with a 16 deg. tilt, a lift/ 
drag ratio of 0.25 can be obtained. This 
results in a controlled roll, which al- 
lows the spacecraft to be headed in the 
generally desired direction, with a land- 
ing "footprint" 500 mi. long and 200 
mi. wide at the beginning of re-entry. 

Lifting angle to be induced during 
re-entry will lengthen the peak heat 
pulses, and this necessitates a some- 
what different structural heat protec- 
tion approach than is used in Mercury. 
The heat shield will be a combination 
of glass fibers and phenolic resin, but 
it will not be uniform in thickness. Hot 
spots and comers will be built up, and 
similar ablative materials will be in- 


AVI ATION WEEK and SPACE TECHNOLOGY, July 2, 1962 




stalled around the reaction control re- 
covery module at the spacecraft neck, 
which is subjected to intense heating 
loads during re-entry. 

The neck section of the Mercury 
capsule is protected with beryllium 
plates, but they are too heavy for the 
Gemini system. 

The paraglider is designed to make 
possible a point landing anywhere 
within the footprint and to compensate 
for errors introduced during re-entry. 

The paraglider, which weighs 510 
lb., is stowed in a 10-cu. ft. compart- 
ment. Deployment will begin at an 
altitude of 50,000 ft., and is completed 
at 40,000 ft. at the start of the glide 
maneuver. 

When the glider is fully deployed, 
Gemini has a 5.2 lift/drag ratio, and 
the capability to maneuver 25 mi. 
downwind, or 15 mi. upwind. 

The capsule is flown into a landing 
by the pilot, who uses a hand controller 
to actuate gas-operated cable reels, two 
in order to vary pitch and two for roll. 
A fifth cable is fixed. The point land- 
ing system is accomplished in four 

• (jiide, from 40,000 ft. to 590-ft. alti- 
tude at an angle of 17.5 deg., forward 
vclocitv of 68 fps.. and sink rate of 20.4 
fps. 

• Pre-flare, from 390 ft. to 45 ft., actu- 
ally a dive to increase forward velocity 
to 96 fps. and sink rate to 35 fps. Space- 
craft angle is dropped to —1.5 deg. 

• Flare, from 45 ft. to impact, with 
capsule angle increase to — 8 deg. and 
forward velocity slowing to 68 fps. 

• Touchdown, which is made at a maxi- 
mum vertical velocity of 5 fps. and a 
horizontal velocity of 68 fps. Approxi- 
mate runout distance has been com- 
puted to be 200 ft. 

Nitrogen or another cold gas will be 
used to operate the cable reels, and 
landing skids will be made of a hcat- 

Origin of Concept 

The Gemini concept began in April. 
1961, with James Chamberlin as a 
scheme for redesigning Mercury to 
make it easier to perforin an 18-orbit 
mission for one man. Chamberlin, now 
Gemini project manager, believed that 
the modular design philosophy, the 
paraglider and ejection seats could 
quickly be incorporated into the Mer- 
cury design. Ejection seats will replace 
the abort tower used in the Mercury 
system. Although the tower concept is 
probablv the most reliable abort tech- 
nique, the weight makes it incompatible 
with the Gemini’s Martin Titan 2 
launch vehicle capability, and there is 
no off-the-shelf rocket presently avail- 
able for a Gemini escape system. Hie 
seat also provides a capability for ejec- 
tion after re-entry, which the tower 
would not. 
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MAJOR STRUCTURAL components ot the Gemini spacecraft indicate the modular design 
of the capsule. The 510-lb. paraglider will be stowed in the section at the left. Immedi- 
ately aft is the module which houses re-entry Reaction Control System (RCS). Doors pro- 


Chamberlin's initial ideas have ma- 
tured into the present Gemini system. 
Although the first Gemini mission will 
terminate in parachute recovery, it is 
the onlv unmanned mission planned 
in the 12-flight program. An extensive 
paraglider development program will 
begin within 60 days. In the first phase. 
20 unmanned boilerplate Gemini mod- 
els will be dropped from Lockheed 
C-130 aircraft to make radio-controlled 
landings. Phase 2 calls for North Amer- 
ican Aviation test pilots to demonstrate 
the system in C-130 drops, and the 
third phase is for NASA astronauts to 
make controlled landings after drops. 

NASA is considering using the spent 
Titan 2 launch vehicle second stage as 
the target in early development flights 
if Pad 14 at the Atlantic Missile Range 
is not free in time for these flights. 
Pad 14 is the only pad available for 
Piojeet Mercury launches, and NASA 
will use it for both 6-orbit and 18-orbit 
Mercurv flights. When these missions 
are completed, it will be adapted to 
accommodate Atlas Agena B vehicles 
for the Cemini mission. 

Tests have indicated that an ejection 
abort using seats will subject the pilots 
to a g-load of 1 2-1 5. not as severe as 
ejecting from high performance air- 
craft. Maximum dynamic pressure for 
the Titan 2-Gcmini combination will 
be 800 lb. sq. ft. as compared with 9S2 
with the Atlas-Mercurv combination. 


Gemini’s Titan Booster 

boost the Gemini spacecraft into orbit 

being" delivered to Martin Co.’s Balti- 
more plant, where the vehicle will be 
assembled. 

Main differences between the missile 
and the Gemini launch vehicle are the 
addition of a malfunction detection sys- 
tem (MDS) and some supporting trusses, 
and the switch to a radio guidance system 
instead of an inertial guidance system. 
MDS sensors will be located at critical 
points to sense tank and thrust cham- 
ber pressures and rates. 

Gemini launcher have been instituted 
ing redundancy into some of the critical 

tcstfng for Martin* 1 and its vendors' 
Two-stagc Titan 2, with a constant 
dia. of 10 ft., has a booster thrust of 

430.000 lb. and a second-stage thrust of 

100.000 lb. It uses hypcrgolic. storable 
propellants. First stage is 746 in. high, 
and the second stage is 435-in. high. Tire 
Gemini spacecraft is 103-in. high, giving 
the launch configuration a height of 107 


In a typical rendezvous mission, the 
Agena B target will be launched first 
into a 150-mi. circular orbit. The 
Gemini spacecraft then will be 
launched in the same orbital plane into 
a slightly elliptical orbit, ranging from 
87-150 ini. Because of the difference 
in velocity, Gemini will approach the 
target at an angular rate of 5.3 deg. 
per revolution, and this process can be 
speeded by changing the orbital path 
of Agena to slow it down. 

When the two vehicles are 250 mi. 
apart, the rendezvous radar on the small 
end of the Gemini spacecraft locks on 
the transponder located around the 
Agena B adapter. This system pro- 
vides angles, ranges and range rates 
for rendezvous guidance, and range and 
range rate for docking. 

Range Decreased 

When the range has decreased to 50 
mi., the technique switches to semi- 
optical, using both an electromagnetic 
scanner in Gemini and a high-intensity 
flashing light in the target. The crew 
actually flies Gemini into the Agena B 
adapter section visually, using an index 
bar to line up with a groove in the 

The present concept is to use a 
straight-in docking approach. This calls 
for precise pilot control, with only one 
foot lateral and 10 deg. angular mis- 
alignment. 

Lateral docking impact is estimated 
at 0.5 fps. and 1.5 fps. along the axis 
of motion. 

The Agena B adapter section will 
have three hard points, or seats. When 
Gemini connects with the seats, the 
adapter will be cinched solidly to the 


target to form a single rigid vehicle. 
Disconnect will be made bv reversing 
the process. 

The pilot will have four manual and 
two automatic attitude controls, which 
will include foot pedals, recommended 
by the Project Mercury astronauts, to 
control yaw. Direct pilot controls will 
be fly-bv-wire, single pulse tor fine ad- 
justment, proportional rate command, 
and rate command for attitude hold. 
Automatic Systems 

Automatic systems will be provided 
in attitude hold, and in what will be 
called the orbit mode. The latter sys- 
tem uses sensors to pick up the horizon 
and will maintain constant roll and 
pitch, allowing the crew to rest even 
though their spacecraft will drift in 


Special Gemini Tests 

Houston— F.xpcri incut which would 

the spacecraft while it is in orbit is being 
considered for Project Gemini. A snub- 
bing device is being developed that will 
hold the door open so an astronaut, at- 
tached to the capsule by an umbilical 

his vehicle. P 

Environmental needs would be pro- 
vided either through the umbilical or by 
means of a self-contained satchel or 
back-pack. 

Another advanced experiment under 
consideration is the use of the spacecraft 
to dock with an unspecified propulsion 
stage, larger than the Agena B. 
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Mercury Provides Data for Apollo, Gemini 


Hampton, Va.— Project Mercury, conceived under tremendous pressure 
four years ago in the face of Soviet space successes, has evolved into a valu- 
able building block in the U. S. manned space flight program, and before 
it is completed, it will provide much of the fundamental knowledge for 
the Apollo manned lunar landing mission. 

Mercury had a single objective at the outset— to verify the ability of man 
to function in the space environment. This objective was met last Feb. 20 
with the three-orbit flight of Marine Lt. Col. John H. Glenn, Jr. It was 
confirmed last May 24 when Navy Lt. Cdr. Scott Carpenter flew a second 
tliree-orbit mission. 


Because the pressure to advance has 
been on Mercury since its inception, 
the three-orbit mission will grow to day- 
long missions about six months from 

There has been a tendency to iden- 
tify Project Mercury' with the capsule 
and its pilots, but they' are only aspects 
of what has become an extensive prov- 
ing ground for the Gemini and Apollo 
programs. 

Full Mercury system consists of a 
government-industry team that has 
given the U. S. the means to design, 
engineer and manufacture a manned 
space vehicle, which was qualified and 
flown bv man 17 months after the 
prime contract was let. 

Tire system has provided a world- 
wide tracking network with the capa- 
bility to handle data on a real-time 
basis; it has given controllers the op- 
portunity to devise realistic flight and 
recovery procedures. 

The Mercury system evolved during 
a time when U. S. international prestige 
was foundering from diplomatic set- 


backs and Soviet triumphs in space. 
The successes of Navy Cdr. Alan B. 
Shepard. Jr., and USAF Capt. Virgil 
I. Grissom in ballistic flights, and Glenn 
and Carpenter on orbital missions, have 
had a marked national impact because 
they became a focus for renewed na- 
tional pride. The impact was beyond 
the expectations of even top Adminis- 
tration leaders, and it has led to the 
operating philosophy behind future 
manned space flight programs. 

New scientific knowledge that Mer- 
cury provides is one of its most im- 
portant characteristics. Another is the 
role it has played in publicizing the 
need for a vigorous manned space flight 
program. 

Sustained Backing 

Sustained backing is predicated 
largely on continued solid achieve- 
ments, which the National Aeronautics 
and Space Administration is program- 
ing on what it considers to be a logical, 
step-by-step schedule. Orbital flights by 
Glenn and Carpenter provided an ex- 


cellent base from which to proceed in 
extending the Mercury profile to six 
orbits and then to a full day of orbital 
flight. 

There is a plan under consideration 
to flv two six-orbit missions and two or 
three one-day missions. This plan will 
carry' the manned space flight program 
forward until the fall of 1963. At that 
time, launch facilities enter the schedule 
as a major pacing item. 

Pad 14 at the Atlantic Missile Range 
is the only Mercury launch complex. 
It is also the facility from which the 
Agcna B stage will be launched for 
the Gemini rendezvous mission. If 
Gemini missions are to start in earlv 
1964. Pad 14 must be available early 
next fall for modification to handle the 
Atlas Agena B launch vehicle. 

Fundamental purpose of six-orbit 
missions is to provide baseline aero- 
medical data on the effects of pro- 
longed weightlessness. Six orbits is con- 
sidered the limit of the capability of 
the existing Mercury configuration un- 
der the payload limitations of the Atlas 
launch vehicle. NASA has established 
a turnaround timc-actually a launch 
schedule— of 60-90 days for each mis- 
sion, and the expanded Mercury pro- 
gram now conceived will not delay the 
schedule. 

NASA is satisfied from the Glenn 
and Carpenter flights that a properly- 
trained, experienced test pilot will not 
be hampered by extended weightless 
flight. But the agency wants to verify 
this, in view of the nausea experienced 
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by Soviet Maj. Gherman Titov after 
five orbits of his 17-orbit mission. Al- 
though a six-orbit assignment was a 
relatively recent consideration in the 
Mercury program, it can provide the op- 
portunity for detailed acromcdic.il moni- 
toring during more than 500 min. of 
weightlessness without significant cap- 
sule modification. 

Six-orbit plan calls for an absence of 
positive pilot attitude control during a 
significant portion of the flight. The 
pilot will exert control during the first 
two orbits while precise orbital ele- 
ments arc being calculated. At the start 
of the third orbit, a decision will be 
made whether to continue the flight 
for six orbits, or to end it after three. 
If the decision is to continue, the 
automatic reaction control system will 
be made inoperative to conserve fuel, 
and many of the power-consuming 
components will be switched off to save 

Capsule will then drift as far as 
attitude is concerned for the third, 
fourth and part of the fifth orbits. 
About midway through the fifth Orbit, 
systems will be energized for the final 

Recovery Area 

Recovery’ area after six orbits will be 
near Midway Island in the Pacific 
Ocean. The tracking ship Rose Knot, 
now being modified to give it command 
capability, will be stationed near The 
Philippines. It served as the Project 
Mercury Atlantic Ocean Ship through 
the Glenn flight. 

Modifications in the six-orbit capsule 
configuration can be utilized in the 
one-day capsule, according to Charles 
McCuirc of NASA's Mercury office in 
Washington. He said that as a result 
of a general weight-reduction program 
and removal of some redundant com- 


Mercurv Contracts 

Hampton. Va.-Projcct Mercury will 
have a total cost slightly in excess of 
$400 million through its four-year fund- 
ing lifetime which will end during Fiscal 

1963. 

McDonnell Aircraft Corp.. prime cap- 

mately $160 million for production of 20 
capsules, two procedures trainers, an en- 
vironmental trainer and ground support 
equipment. This figure includes $12 
million to modify four capsules for one- 
day missions. 

Other major capsule contractors arc 
Coffins Radio, telecommunications; Ai- 
Rcscarch, environmental system; Cincin- 
nati Testing Laboratory, heat shields; 
Northrop Vcntnra, recovery; Minncapo- 
lis-Honeywell, navigation; Bell Aerosys- 
tems, reaction controls, and Lockheed 
Propnlsion, escape rocket. 



ponents, the one-day capsule will weigh 
nearly 100 lb. less than the existing 
Mercury capsule, which has a liftoff 
weight of 4.265 lb. 

Among components to be removed 
are the 74-lb. periscope and the com- 
plete rate stabilization and control sys- 
tem (RSCS). NASA also is considering 
removal of the backup telemetry sys- 

fU RSCS is one of the four attitude 
control systems in the Mercury capsule, 
and neither Glenn nor Carpenter used 
it. The one-day capsule will retain the 
automatic stabilization and control sys- 
tem (ASCS), fly-bv-wire and manual 
proportional system. Tire latter two 
systems are manual, providing control 
when the pilot moves a control stick. 
The automatic system reacts to inputs 
from a horizon scanner link. 

Consumable stores to be increased 
for the onc-dav mission will be oxygen 
for the environmental control system, 
water for cabin and suit cooling, and 
battery power. 

The one-day mission has essentially 
the same objectives as the six-orbit 
mission, in that it will extend man’s 
weightless flight experience and provide 
an opportunity to assess the effects of 
g-loading after prolonged zero gravity 
flight. 

Glenn and Carpenter contributed 
significantly to the decision to advance 
Mercury beyond three orbits, since 
their performances resulted in consider- 
ation of the pilot as an active pari 
of the capsule system. After Glenn's 
flight. Robert R. Gilruth. director of 
the Manned Spacecraft Center, said, 
''Hie presence of the human crew 
should lead to design criteria (for space- 
craft) more similar to manned aircraft 
than to ballistic missiles. 

“Since man has now demonstrated 
his ability to operate in the space en- 
vironment.” Gilruth said, "vehicle de- 
sign for manned space flight can now 
consider full utilization of human crew 
capabilities. This utilization of crew 
should lead to increased reliability in 
tenns of both flight safety and mis- 
sion success.” 

Mercury was developed without veri- 
fication that man could perform in 
space. It had added requirements of 
complete redundancy even though it 
was limited to the weight capable of 
being orbited bv the Atlas launch ve- 
hicle. Because of the exigencies of time, 
it was designed as a layer cake, with 
systems and components placed one on 
the other inside the small pressure 
vessel. These shortcomings themselves 
are exerting a strong influence on the 
advanced Gemini and Apollo flight 
programs, both of which will benefit 
from knowledge of them. 

This means essentially that in future 
programs man’s full skills and abilities 
will be used: design will be modular 


MERCURY ATLAS-7 configuration used 
General Dynamics/ Astronautics Atlas 107D. 

with easy access to components; func- 
tional. integrated test under conditions 
similar to those experienced in flight 
will be made mandatory. 

Wisdom of selecting experienced test 
pilots as crewmen and training them 
with a heavy reliance on flight simu- 
lators was proved by the excellent per- 
formances of Glenn and Carpenter in 
their orbital missions, and Shepard and 
Grissom in ballistic flights. Not quite 
so apparent is the fact that the training 
and simulation applies equally to launch 
and flight operational crews to the ex- 
tent that the launch team, flight con- 
trollers, trackers and computer person- 
nel have evolved the basic procedures 
for subsequent manned space flight 
missions. 

Sound Program 

Operational shortcomings in Mer- 
cury flights, with some few exceptions, 
have been traced to technique rather 
than to any fundamental fault in a 
system. With the experience of 20 bal- 
listic and orbital flights, the Mercury 
system has proven to be a sound one. 
But its most important significance lies 
in the fact that, as the first U. S. step 
in manned space exploration, it has 
proved to be strong and sure. 
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Marshall Directing Vehicle Development 


NASA’s largest center uses flexible tools to manage 
in-house and contractor production of large boosters. 

Huntsville. Ala.— Launch vehicles arc the business of the George C. Mar- 
shall Space Flight Center and all work here— from experiments with liquid 
hydrogen to the study of various rendezvous techniques— eventually is applied 
to moving a payload from a point on earth to a point in space. 

Under the direction of Dr. Wernher von Braun, former director of 
development for the Army Ballistic Missile Agency and rocket scientist at 
Pcenemunde during World War 2, the center now is involved in: 

• Development and flight-testing of the 


Saturn C-l launch vehicle. 

• Detailed engineering design of the 
Advanced Saturn, or C-5. 

• Detailed preliminary design of the 
Nova vehicle. 

• Development of rendezvous opera- 
tions. including the lunar-orbit and 
earth-orbit modes. 

• Procurement and adaptation of Thor 
Agcna, Atlas Agcna and Atlas Centaur 
launch vehicles. 

• Studies of future requirements, rang- 
ing from post-Nova launch vehicles to 
Hie storability of propellants on the 

Divisions, Project Offices 

Marshall is organized into nine sup- 
port divisions— acroballistics, astrionics. 
computation, manufacturing engineer- 
ing, propulsion and vehicle engineering. 


quality assurance, research projects, and 
test and launch vehicle operations— and 
three project offices-Saturn Systems. 
Light and Medium Vehicles, and Fu- 
ture Projects, Some Marshall officials 
consider the Michoud plant a tenth 
support division. 

The project offices do not have the 
depth of the support divisions in cither 
personnel or facilities. This deliberate 
apportionment of strength, a carrv-over 
from ABMA where von Braun had es- 
sentially the same management struc- 
ture. is designed to provide each project 
office with pools of talent that can be 
tapped as needed. 

As a project— such as Saturn— grows. 
Director of Saturn Systems Oswald 11. 
Lange can draw engineers from anv di- 
vision to apply their particular abilities 
to the vehicle. As Saturn approaches 
an operational status several years from 


now. Lange will return these engineers 
to their divisions, where they will be 
re-assigned to other projects. 

This flexible arrangement allows proj- 
ect directors to gear the size of their 
offices to the bell-shaped curve of a 
project’s life cycle and economizes 
manpower utilization. It also avoids 
haring too many engineers personally 
involved in. or oriented to. one project 
and makes for a minimum of reorgan- 
ization and re-assignment as one project 
phases out and a new one phases in. 
Management Tools 

Marshall uses three basic tools to 
manage its programs-working groups, 
coordination panels and the technical 
board meeting. 

Working groups are in-house units 
which supplement the project office in 
the development of a system— whether 
hardware or feasibility study— by con- 
centrating the best technical personnel 
available from the support divisions on 
specific problems or critical areas in the 
system. F.ach group is led by a Marshall 
branch chief or division director and 
includes representatives from other 
NASA centers. Department of Defense 
and the contractors. 

Meetings are scheduled as necessary 
cither by the group chairman or the 
office for which the group is working. 
Solutions or recommendations are pre- 
sented to the project office for approval. 
Decisions of the working group arc not 
binding upon the project office, but 
since the group is formed to aid the 
office in a particular sphere of compe- 
tence, its suggestions invariably arc 
followed. 

Robert E. Lindstrom, vehicle man- 
ager of the C-l project within Saturn 
Systems, has eight working groups cov- 
ering various areas for his office. 

These groups typify the support 
drawn from the divisions by the project 

• Vehicle Mechanical Design Integra- 
tion, under Hans Palaoro. whose regu- 
lar assignment is chief of the vehicle 
systems integration branch in the Pro- 
pulsion and Vehicle Engineering Divi- 

• Vehicle Dynamics and Control, un- 
der Dr. Ernst D. Gcisslcr, director of 
the Aeroballistics Division. 

• Vehicle Instrumentation, under Otto 
A. Hobcrg, chief of the instrumenta- 
tion development branch in the Astri- 
onies Division. 

• Electrical Systems Design Integra- 
tion, under Hans Fichtner. chief of the 
electrical systems integration branch in 
the Astrionics Division. 

• Vehicle Assembly, under Hans Maus. 
director of the Central Planning Office. 

• System Checkout and Pre-flight Tcst- 


Hight test vehicle at Marshall center. 
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Marshall Space Flight Ceater 



This is General Motors Defense Research Laboratories 


. . . working in the national interest 




SEA OPERATIONS;Today, top-flight scientists at GM/DRl are at work 
in, on, and under the sea, prying out the ocean's secrets. From their studies can 
come detailed knowledge pointing the way to more precise methods of under- 
water tracking, navigation, undersea charting and marine vehicle mobility. 


AERO/SPACE OPERATIONS: From the earth's surface to the 
farthest reaches of outer space . . . trom the study of hyper-ballistics to space 
systems ... new propulsion methods to sophisticated theories of quantum 
electronics . . . GM/DRL is dedicated to man's survival in the universe about us. 




w/ 


LAND OPERATIONScAII scientific knowledge is utilized in GM/DRL's 
search for more effective systems operating in the surface environment. Research 
into terra-mechanics, articulated vehicles, and electronics is resulting in new 
systems tor tactical warfare and lunar and planetary exploration. 


BIOLOGICAL STUDIES: "To extend our knowledge and capabilities in 
the biological sciences and technologies, expanding our understanding of men in 
relation to this and other environments through creative research and exploratory 
development programs." This is the mission of GM/DRL scientists. 



GENERAL MOTORS DEFENSE RESEARCH LABORATORIES, SANTA BARBARA, CALIF. 


102 


iiig, under Dieter Grau, director of the 
Quality Assurance Division. 

• Launch Operations, under Dr. Kurt 
Debus, director of the new Launch Op- 
erations Center at AMR. 

•Flight Evaluation, under Dr. F. 
Speer, chief of the flight evaluation 
branch in the Aeroballistics Division. 

C-5 also has eight working groups, 
covering the same areas as C-l groups, 
and ad-hoc groups are appointed as 
needed to explore problems falling 
outside the areas of the regular working 
groups. Working groups are not man- 
agement committees, because only the 
chairman has authority to make deci- 
sions and he must assume responsibility 
for the group’s actions. Centaur pro- 
giam has four working groups. 

The Manned Spacecraft Center 
(MSC) at Houston, Tex., also uses 
working groups in developing the 
Apollo capsule. They correspond func- 
tionally to the Saturn groups at Hunts- 
ville. Von Braun and his staff had 
urged MSC, when it was still the Space 
Task Group at Langley Station, Hamp- 
ton, Va., to adopt a management struc- 
ture similar to Marshall's after it trans- 
ferred to Texas earlier this vear, and 
MSC agreed. 

Working groups of the two centers 
meet in coordination panels, which are 
patterned after the joint units formed 


Huntsville Budget 

Huntsville, Ala.-Marshall Space Flight 
and Space Administration's facilities in 

located on a 1.617-acre tmet under per- 
mit from the Army at Redstone Arsenal. 
Fiscal 1963 operating budget request is 
S101.7 million, and employment, 6,-180. 
Budget increase over Fiscal 1962 is about 
$14 million, and employment increase 
totals 490. 

Plant value of Marshall is S99.2 mil- 
lion, and the center has requested a 

for Fiscal 1963. P 

Marshall also manages the Michoud 
Plant near New Orleans, manufacturing 
site for S-l and S-1C boosters. Michoud 
operating cost is included in the Marshall 
budget. This facility will have 6.759 em- 
ployes by July, 1964. most of them indus- 
trial workers from Chrysler and Boeing, 
who will build the booster stages. 

Michoud is located on an 825-acre 
tract, and lias a Fiscal 1963 expansion 
program request totaling S34.5 million. 
Closely tied to the Michoud manufac- 

50 mi. cast of New Orleans, where 
NASA will occupy 141,950 acres to 
static-test Saturn and Nova class vehicles. 
Request has been made to construct fa- 
cilities valued at S92.5 million during 
Fiscal 1963. 


by the centers for the Mercurv-Rcd- 
stone program. These panels cover the 
same areas as the in-house groups to as- 
sure that development of booster and 
spacecraft proceed in lock-step. As far 
as possible, panel members are drawn 
from the corresponding working groups 
of Marshall and MSC. Panel member- 
ship usualR does not exceed 12. 

Dr. Joachim P. Kucttncr supervises 
Huntsville panel participation; Ins Hous- 
ton counterpart is Dr. Paul Weyers. 

Panels presently constituted are: 
launch operations;’ mechanical design 
integration; electrical systems integra- 
tion; on-board instrumentation and 
communications; flight mechanics, dy- 
namics and control; and quality assur- 
ance and checkout. Additional panels 
are being considered for flight evalua- 
tion and man-rating. Like the working 
groups at Marshall and MSC, repre- 
sentatives from other NASA centers, 
DOD and industry contractors are in- 
vited to join panel sessions. 

Bulk of the panel’s work is done 
through informal meetings and discus- 
sions between the working groups here 
and at Houston; the panel meetings 
frequently serve to work out details of 
agreements already reached, as well as 
to probe problems which either has 
isolated. 

Results of panel meetings are for- 
warded through Kuettner and Weyers 
to the Saturn Systems and Apollo proj- 
ect offices. From there, the panel re- 
ports go through von Braun and Rob- 
ert R. Gilruth, MSC director, to Brain- 
erd Holmes, director of NASA's Office 
of Manned Space Flight, and his Man- 
agement Council. 

Disagreements that cannot be re- 
solved within a panel are referred to a 
joint Huntsvillc-Houston Review 
Board, composed of von Braun; Deputy 
Director for Research and Development 
Eberhard Rees; Saturn Director Oswald 
Lange and four division directors from 
Marshall; Gilruth. his Associate Direc- 
tor Walter Williams; Apollo Project 
Director Charles Frick and four office 
directors from MSC. So far. the board 
has yet to be called upon to resolve a 
panel dispute. 

Marshall intends to keep its in- 
liousc manufacturing capability, built 
up during its Array Ordnance days, and 
will continue to assemble the initial 
units of any new stage before turning 
it over to a contractor for production. 

Von Braun defends retention of this 
capability on two grounds: 

• Managerial competence is maintained 
at a level which permits Marshall to 
make authoritative judgments on the 
contractor’s production. By building 
one or several units itself, Marshall 
feels it is in a better position to super- 
vise the contractor's work and to assess 
problems that the company might en- 
counter. Marshall is building 1 1 Saturn 




REACTOR In-Flight Test (RIFT) vehicle 
project will be managed from Huntsville. 


C-I development vehicles, and will 
build at least one Saturn C-5 prototype. 
• Training and development of young 
Marshall engineers so they can effec- 
tively discharge this managerial respon- 
sibility. It also is an attraction for re- 
rccently graduated engineers who find 
the prospects of working on a hardware 
program more interesting than shuffling 
contract papers at a desk, and who 
might otherwise go to industry. 

Von Braun and his assistants also arc 
anxious to see that the experience 
gained in one program is applied to 
similar projects. For example, Marshall 
would like to save Douglas Aircraft Co. 
and Rocketdyne Division of North 
American Aviation, Inc., stage and en- 
gine builder respectively of the hydro- 
gen-fueled S-4 stage, from some of the 
problems encountered by General Dy- 
namics/Astronautics and Pratt & Whit- 
ney Division of United Aircraft Corp. 
in the development of the Centaur 
upper stage. Primary means of achiev- 
ing this cross-fertilization, Marshall 
feels, is through its working groups. 
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FACING THE FOURTH DIMENSION IN PROPULSION DEVELOPMENT 


Whether the universe has a "saddle shape," or any shape at all, is a matter of interesting conjecture. The 
matter of space travel, however, is the subject of intense experimentation. A nuclear/thermionic/ ionic 
propulsion system, currently being studied at Lockheed Missiles & Space Company, might well 
become the power source for space vehicles. 

Its design incorporates a nuclear reactor only one foot in diameter, generating heat at a temperature of 
1850°K. This is transmitted to banks of thermionic generators, converting the heat directly into 
electrical energy for the ion beam motor which uses cesium vapor as a fuel. The entire system is designed 
without any moving parts, minimizing the possibility of failure. 

Lockheed's investigation of propulsion covers a number of potential systems. They include: plasma, 
ionic, nuclear, unique concepts in chemical systems involving high-energy solid and liquid propellents, 
combined solid-liquid chemical systems. The fundamentals of magnetohydrodynamics, as they might 
eventually apply to propulsion systems, are also being examined. Just as thoroughly, Lockheed probes 
all missile and space disciplines in depth. The extensive facilities of the research and development 
laboratories— together with the opportunity of working with men who are acknowledged leaders in 
their fields— make association with Lockheed truly rewarding and satisfying. 

Lockheed Missiles and Space Company in Sunnyvale and Palo Alto, on the beautiful San Francisco 
Peninsula, is an exciting and challenging place to work. For further information, write Research 
and Development Staff, Department M-24J.599 North Mathilda Avenue, Sunnyvale, California. 

An Equal Opportunity Employer. 


LOCKHEED MISSILES & SPACE COMPANY 

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


agena vehicle in various Air Force Satellite 
sa programs as the oso. echo, and nimbus. 


Navy polaris fbm and 
projects include such 


Systems Manager for 
programs. Other curri 



Rendezvous to Slash Apollo Target Time 


Huntsville, Ala.— Rendezvous in space, which was not even an element of 
the U. S. space program a year ago, now is being counted on to help accom- 
plish the Apollo lunar lauding mission at least one year earlier than it could 
be done by direct ascent. 

Rendezvous is considered an essential technique for the manned explora- 
tion of space, even if a direct ascent vehicle were available for the first lunar 
landings. It was first examined in great detail and advocated strongly for 
practical use in National Aeronautics and Space Administration programs 
by the Marshall Space Flight Center here. 

Marshall first advocated— and still Marshall most recently proposed the 

C refers— rendezvous in an orbit a few use of a tanker which would transfer 
undred miles above the earth for the propellant to the Apollo propulsion 
Apollo mission. As rendezvous in a module in orbit prior to translunar 


gained favor in recent 
months, Marshall— like other NASA 
centers and a number of companies— 
thoroughly explored this approach, 
modifying and adapting its initial ideas 
on vehicles and techniques as necessary. 

Of several earth-orbit possibilities, 


flight. 

Use of the earth-orbit method would 
pennit checkout of the entire Apollo 
vehicle in near space before it was 
committed to the lunar flight. Lunar 
rendezvous, favored by the Manned 
Spacecraft Center, calls for use of a 


small two-man “bug” to descend from 
the Apollo, land on the moon, and 
rejoin the Apollo in orbit around the 
moon. It would shave some time-per- 
haps a year— off the timetable at the 
cost of landing two men instead of 

Critics say the lunar method sacri- 
fices some reliability by eliminating the 
checkout in orbit and requiring ren- 
dezvous 240,000 mi. away from earth. 
Proponents say it might be more reli- 
able because it is in many ways less 
complex, requiring one launching from 
earth instead of two and giving the 
pilot a simpler spacecraft and greater 
control at the lunar end of his mission. 
Earth-Orbit Method 

In the tanking version of cartli-orbit 
rendezvous, the Apollo vehicle would 
have this configuration: 

• R-l first stage, the "R” designating 
rendezvous, would propel the entire 
vehicle from earth-orbit into its lunar 
trajectory and be jettisoned after bum- 
out. R-l basically would be an S-4B 
upper stage modified with a male-type 
conical connector over its base for dock- 
ing operations. It would be powered by 
one 200,000-lb.-thrust Rocketdync J-2 
liquid oxygen-liquid hydrogen engine. 

• R-2 second stage would inject the 
Apollo into lunar orbit and then lower 
the spacecraft to the lunar surface. No 
contractor has been selected for this 

• R-3 third stage, or service module, 
would contain both die lunar-take-off 
and earth-return propulsion system- 
now under development by the Aerojet- 
General Corp.— and some spacecraft 
subsystems. 

• Apollo command module, carrying the 
three-man crew, now under develop- 
ment bv North American Aviation, Inc. 

R-l, about SO ft. long and 220 in. 
in diameter, will go into orbit with a 
full load of liquid hydrogen and a 
nearly empty liquid oxygen tank. A 
small amount of liquid oxygen will be 
carried in the R-l's oxidizer tank to 
keep important plumbing at the proper 
chill level. Once in orbit, the R-l would 
fill up its oxygen tank from the orbiting 

The tanker, designated T-l, probably 
would be a spherical 220-in.-dia. blad- 
der within a well-insulated conical air- 
frame with a > S-ft.-clia. base. Design 
empl is Id be on storabilitv of a 
cryogenic liquid. Base of the T-l would 
be a female-type cavity to accept the 
R-l docking mechanism and would 
mount small liquid-propellant engines 
for final velocity' control and attitude 
positioning during the terminal rendez- 
vous maneuver. 
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T-l would be placed into an orbit 
of about 140 mi. by a two-stage (S-1C 
and S-2) Saturn C-5. After its orbital 
plot had been detennined precisely, the 
Apollo vehicle (including the R-l, R-2 
and R-3 stages) would be launched into 
a 261-mi.-high orbit, whose plane coin- 
cides at the moment of launch with 
the tanker’s orbital plane. The Apollo 
would stay in this orbit until the dif- 
ference between the orbital velocities 
of the two vehicles brought the tanker 
below; then the tanker’s independent- 
hypergolic engines would be started to 
push the T-l upward on an elliptic 
trajectory that would intercept the 
Apollo’s path. 

Final acquisition of the tanker, con- 
trolled by the Apollo crew, would begin 
at a distance of 25 to 50 mi. at an 
initial relative rate of about 200 fps. 
Tenninal closure rate would be less 
than 1 fps., with the Apollo crew visu- 
ally driving the R-l into the tanker 
either by use of a periscope on the com- 
mand module or a television camera 
mounted on the R-l base. 

The docking maneuver would join 
feed-lines between the R-l and T-l 
tanks; valves then would be opened and 
the liquid-oxygen expelled by high- 
pressure helium from the T-l’s bladder 
tanks into the R-l. 

After propellant transfer had been 
completed, the entire docking structure 
—including that portion on the R-l— 
and the empty tanker would be jetti- 
soned and kicked into a ballistic trajec- 
tory toward earth to bum in the atmos- 

The Apollo, primed for translunar 
flight, would wait for the launch win- 
dow— the optimum relative positions of 
earth and moon— and ignite its J-2 en- 
gine for the flight across space. 

Rendezvous in earth-orbit, docking 
and propellant transfer would require 
development testing before it could be 
used operationally. Marshall has con- 
sidered test flights using a Saturn C-1B 
vehicle. Tests would be concurrent with 
flight testing of the Saturn C-5 and 
development and training flights of the 
Apollo spacecraft. 

Saturn C-1B 

Saturn C-1B is envisioned as an in- 
termediate vehicle between the C-l and 
C-5; its configuration would be a 
Block-2 S-l first stage and a S-4B second 
stage. Saturn C-l uses either Block-1 
or Block-2 S-l first stages plus an S-4 
second stage. 

Test flights of the earth-orbit rendez- 
vous and tanking mode, using C-1B 
vehicles, would approximate operational 
flights of C-5s, with these differences: 

• T-l tanker would not be fully fueled, 
but would carry only enough liquid 
oxygen to test the propellant transfer 
technique. 

• R-2 stage, the lunar retro and descent 



LUNAR MISSION profiles depict earth-rendezvous method, above, and lunar-rendezvons 
technique, below, using Apollo manned spacecraft in each method. 



module, would not be carried aboard 
the C-l B. Configuration of the Apollo, 
in this test program, would be an R-l 
first stage, R-3 or service module as the 
second stage and the Apollo command 
module. 

• Flight plan, after propellant transfer, 
would call for the R-l to ignite and 
bum only for a short time, then shut 
down and separate from the R-3. R-3 
then would be started, bum briefly, 
then shut down and separate. The 
Apollo vehicle would return to earth. 

Marshall scientists estimate that four 
trials would be necessary to test the 
propellant transfer technique and to 
train Apollo crewmen. 

S-l booster should be man-rated by 
the time this test program would begin 
several years from now, but the S-4B 
would have to be certified as reliable 
for manned flight. Four flights now are 
being considered for man-rating the 


S-4B, as well as several missions that 
could be carried as bonus payloads 
aboard these unmanned flights-earth 
satellites, interplanetary probes or, by- 
orbiting the entire S-4B with propel- 
lants still aboard, study of the thenno- 
dvnamics of cryogenic liquids in space. 

Initial order for C-lBs could be 1 4 — 
eight for the tests of the propellant 
transfer technique, plus two back-up 
vehicles, and four additional units for 
man-rating flights of the S-4B. 

Tanking version of earth-orbit ren- 
dezvous, despite the complexities of 
propellant transfer, has been deter- 
mined to be preferable to the conncct- 
ing-or straight assembly— version. This 
latter method, one of the first types 
of rendezvous to be studied in detail, 
would orbit the fully-fueled R-l stage as 
the pavload of one Saturn C-5 and the 
combined R-2 and R-3 stages with the 
Apollo capsule as the payload of a sec- 




AVIATION WEEK 


SPACE TECHNOLOGY, 


107 



He assembles 
space vehicles 
for launching... 
in orbit 


This AMF engineer evaluates the alter- 
nate concepts and design approaches for 
orbital rendezvous — prerequisite for the 
construction of orbital stations and man’s 
ultimate missions to the further reaches 
of space. 

He is familiar with the hostile environ- 
ment of space-temperature extremes, 
hard vacuum, meteorite effects, and radi- 
ation. He understands the vital human 
factors involved, for he appreciates the 
need for man in space-as a strategist, as a 
scientific observer, as a technical trouble- 
shooter, as a versatile controller. 

He is also busily engaged under con- 
tract in the analysis and design of retriev- 
ing and mating mechanisms for the in- 
orbit assembly of both space stations and 
spacecraft. For example, he is determin- 
ing if guidance systems are precise 
enough to assure direct contact... or if 
extendable arms must be included. 

AMF’a space investigation capabilities 
encompass all mechanical and human re- 
quirements from the earth to the moon 
and beyond- from launching... to assem- 
bly and operation in space... to the total 
spectrum of necessities for man’s survi- 
val and activities on the moon. 

Currently, AMF is studying: 

Lunar traversing vehicles. 

Temporary and permanent lunar bases. 
Effects on materials of hard vacuum, 
radiation, meteorite bombardment, and 
radical temperature changes. 
Space-hardware test equipment. 
Absorption of spacecraft landing shock 
on the moon's surface. 

Life-support systems and aerospace 
medical equipment. 

AMF is oriented to meet and solve prob- 
lems that have never before been posed. 
AMF engineers and scientists bring to 
bear a vast accumulation of collateral ex- 
perience and a gratifying record of suc- 
cesses. AMF Government Products Group, 
Fawcett Place, Greenwich, Connecticut. 


In engineering and manufacturing, 
AMF has ingenuity you can use. 



AMERICAN MACHINE & FOUNDRY COMPANY 
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ond C-5. The vehicles would then 
rendezvous, dock and assemble, prep- 
aratory to lunar flight. 

But intensive study revealed the con- 
necting version of rendezvous had some 
serious drawbacks: 

• Docking structure between the R-l 
and R-2 stages could not be jettisoned 
after the two payloads had been joined 
together. It would be a dead weight 
that would add nothing to performance. 
The docking structure also would have 
to be strong enough to take the thrust 
of the R-l's J-2 engine. 

• R-l could not be insulated as well as 
an orbital tanker designed specifically 
for that purpose and a considerable 
amount of liquid oxygen and hydrogen 
could be lost by evaporation if there was 
a lapse of several days between launches 
of the R-l and the Apollo. 

• Weight limitations imposed by the 
payload capacity of the Saturn C-5 
would dictate modification of the R-l 
and R-2 stages. The combined weight 
of the R-2 and R-3 stages, fully fueled, 
and the Apollo spacecraft now is esti- 
mated at around 150.000 lb.— well 
within the C-5’s 200,000 lb. capability. 
Since the R-l cannot exceed 200.000 
lb. thrust, it could not push 150,000 
lb. on an escape trajectory to the moon. 

The R-2 stage could be enlarged, 
bringing the total weight of the R-2, 
R-5 and the manned spacecraft up to 
200,000 lb., and could be ignited to 
give the vehicle the necessary escape 
velocity' to the moon. It then would 
be shut down until the Apollo reached 
the vicinity of the moon, where it 
would be re-started to brake the ve- 
hicle’s velocity down to the speed 
needed to sustain lunar orbit. 


APOLLO EARTH-RENDEZVOUS VEHICLES 

But some critics are leary of count- 
ing on seals in the R-2’s propulsion 
system to last during the long shutdown 
period between engine starts, and they 
fear that the Apollo might arrive at 
the moon only to find that all pro- 
pellants in the retro module had leaked 
out during the flight. 

For these reasons, the tanking ver- 
sion appeared to offer fewer problems 
and it was selected over straight as- 
sembly. 

Lunar-Orbit Method 

Lunar-orbit mode of rendezvous 
would fly an Apollo vehicle from earth 
directly to the moon’s vicinity aboard a 
single Saturn C-5. There the space- 
craft would go into lunar orbit. 

Lunar-orbiting vehicle would con- 
sist of a three-man Apollo capsule, a 
service module or R-5 stage and a 
two-man "bug." or lunar descent ve- 
hicle. The bug would be the only part 
of the entire system actually to land 
on the moon. 

The bug would contain its own de- 
scent and takeoff propulsion system and, 
having no heat shield, could be de- 
signed with a helicopter-tvpe bubble 
cockpit that would give the descending 
pilot a clear, direct view of the lunar 
landing area. Mercury' pilots prefer 
this approach. 

After exploring the moon, the pilot 
' would re-board tnc bug and launch his 
small craft into an orbit coplanar with 
that of the mother spacecraft. He 
would rendezvous with the larger Apollo 
spacecraft and dock with the mother 
ship in one of two ways: 

• Hard docking, in which the lunar 
descent vehicle would mechanically 
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couple to the airlock at the top of the 
Apollo capsule. The pilot would re- 
turn to the Apollo vehicle through 
the airlock, the bug would be jettisoned 
and the engines in the serv ice module 
started for the flight back to earth. 
• Soft docking, in which the bug would 
fly alongside the Apollo and a line 
would be thrown from one to the 
other. The pilot then would leave the 
lunar descent vehicle and, using the 
line, pull himself back to the mother 

Advantage of the lunar-orbit mode 
of rendezvous is a significant saving, 
in weight— total spacecraft weight, in- 
cluding the bug and the propulsion 
module, would run between 52,000 lb. 
and 70,000 lb. in growth forms. 

Weight savings come in several areas. 
The bug would not have to carry the 
heavy Apollo heat shield, needed for 
earth re-entry, down to the moon and 
then lift it off again. This eliminates 
weight of a considerably larger propul- 

The mother craft’s propulsion system 
would have an inertial velocity of 6,000 
mph. with which to begin the return 
flight to earth, and therefore would re- 
quire less weight for placing the Apollo 
spacecraft on the proper return trajec- 


Lunar Descent Vehicle 

Marshall had suggested to the 
Manned Spacecraft Center that con- 
sideration be given to a lunar descent 
vehicle almost identical to the Apollo 
spacecraft, but lacking a heat shield. 
This big lunar descent vehicle would 
be abandoned on the moon after the 
landing had been achieved and the 
crew would return to earth in a small, 
rather cramped re-entry vehicle. 

This concept was based on a liquid 
oxvgen-liquid hydrogen propulsion sys- 
tem for earth-return flight, and for this 
very reason, Houston did not find the 
idea appealing. Manned Spacecraft 
Center wants immediate full-thrust re- 
sponse from the service module engines, 
because they serve a dual function: 
lunar takeoff and abort escape. This 
requirement is not compatible with a 
liquid oxygcn-hvdrogen system and so 
Houston favored pressurized, earth- 
storable hypergolic propellants. 

Lunar-orbit rendezvous has the dis- 
advantage of operating in a remote and 
inaccessible region, where little assist- 
ance can be rendered in the event of 
trouble. 

In earth-orbit rendezvous, by way of 
contrast, the entire vehicle could be 
checked out prior to commitment to 
flight and. if difficulties appear, the crew 
would either return to earth or a sup- 
port crew in another Apollo capsule 
could be launched into orbit to provide 
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This is NASA’s "Scientific Information Central 


And this is how it works. Documentation In- 
corporated — pioneer / innovator / leader in 
information sciences — operates the Scien- 
tific and Technical Information Facility for 
NASA. This new Facility, an integral pari of 
NASA’s scientific and technical information 
program, is the nation’s first computer- 
oriented center dealing exclusively in the 
space and aeronautical sciences. 

Its objective is clear-cut — that scientists, 
engineers and others involved in the free 
world’s space and aeronautical programs are 
aware of the publication of all material perti- 
nent to their needs . . . and can readily ob- 
tain and use it. This involves world-wide 
acquisition of 25,000 to 30.000 documents 
annuallv. and their efficient organization, 
processing, and rapid re- D O C U M E 

I N C O R P 


porting to participants in the national space 
program. It further involves automatic re- 
port distribution plus comprehensive refer- 
ence, ret rieval and disseminat ion capabilities. 

To complete the staffing of this new 
Facility, we need perceptive, imaginative, 
enterprising PROGRAMMERS and SYS- 
TEMS ANALYSTS. We ask that you have 
experience in business or logic-oriented sys- 
tems and that you have worked with tape 
EDP equipment. In return, we offer an 
environment of high technical creativity, the 
chance to participate in work of internat ional 
importance, and an excellent opportunity for 
personal and professional growth. 

We would like to hear from you. 
Write to V. F. Clement, Professional 
N T A T I O N Employment, Dept. 27. 
ORATED 
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Marshall Supervises Booster Development 


Marshall develops or buys launch vehicles ranging 
in size from Thor-Agena to Saturns and Novas. 

Huntsville, Ala.— Marshall Space Flight Center is responsible for the trans- 
port of most National Aeronautics and Space Administration payloads into 
space. It develops or buys a pool of launch vehicles ranging from light vehicles 
such as Thor-Agena to giant space trucks such as Saturn and Nova to fulfill 
this mission. 

Cross-section of Marshall's work today shows the major emphasis being 
given to the development of the two Saturns— C-l and C-5— and the Centaur 
upper stage. Nova, the super booster, and the nuclear-powered Rift stage, 
still are in the early design phases. Purchase and modification of already de- 


veloped vehicles such as Thor-Agena 

C-l, which has been flight-tested 
twice to date, is the early model Saturn 
and will consist of an S-l booster and 
S-4 second stage. Advanced Saturn, 
called the C-5, will have an S-1C first 
stage, S-2 second stage and S-4B third 
stage. An intermediate vehicle, the 
C-1B, now is under consideration (see 
p. 106). It would consist of an S-l 
booster and S-4B second stage. 

Engines for these stages also are be- 
ing developed under Marshall's super- 

• Liquid oxygen-kerosene burning II-l 
and F-l, built by Rocketdyne Division 
of North American Aviation, Inc. IT-1 s 
for the Block-1 S-l boosters have 165,- 
000 lb. thrust. For Block-2 S-ls, it is 
uprated to 188,000 lb. The F-l gener- 
ates 1.5 million lb. thrust and will drive 
the S-1C stage. 

• Liquid oxygen-liquid hydrogen burn- 
ing RL-10-A3, built by Pratt & Whit- 
ney, and J-2, built by Rocketdyne. 
RL-10-A3, the first liquid hydrogen en- 
gine developed in the U.S., generates 
15,000 lb. thrust and will be used on 
the Centaur, S-4 and S-5 stages, f-2 
is rated at 200,000 lb. thrust and is 
scheduled for the S-2, S-4B and R-l. 

S-1C stage is to be built by the Boe- 
ing Co. under a five-year, S240 million 
contract and will be the first stage of 
the three-stage Saturn C-5 vehicle. In- 
itial order calls for Boeing to deliver 24 
flyable boosters, plus several ground 
test units, and probably will be 
amended to assign Boeing the role of 
C-5 system manager. Additional S-1C 
boosters undoubtedly will be ordered 
for the post-1966 period, but Boeing 
lias no guarantee that it will receive the 
follow-on contract. 

The S-1C, which Boeing will build 
at the NASA-owned plant in Michoud. 
La., will stand about 140 ft. tall and 
have a 33 ft. diameter. Construction 
will be of the longcron-and-stringer 
variety, with the horizontal rings pro- 
truding into the tanks to act as anti- 
slosh baffles. Unlike its 9-tank S-l 
predecessor, the S-1C will have two 


and Atlas-Agena, is a continuing task, 
integral tanks, one each for liquid oxy- 
gen and RP-1. Airframe skin will be 
chemically milled from 0.5-in. alumi- 
num alloy stock to 0.25-in. or 0.125-in. 
thicknesses, depending on location. 

Marshall Space Flight Center re- 
cently decided to cut back the S-lC’s 
propellant capacity from 4.6 million lb. 
to 4.4 million lb. and to raise the ca- 
pacities of the S-2 and S-4B stages by 
30,000 lb. each. Idea was to add more 
punch to the upper stages. Given two 
launch vehicles of the same general 
configuration and approximate lift-off 
weight, the vehicle with the more pow- 
erful upper stages will deliver a greater 
payload in space. 

Boeing now has about 1,000 engi- 


neers and technicians, under George II. 
Stoner, working alongside Matthew W. 
Urlaub, chief of the S-1C stage office 
within the C-5 project office at MSFC, 
and iris Marshall personnel on detailed 
engineering design. This work is near 
completion. 

This month Marshall will begin 
building a 40- to 45-ft. tall mockup of 
the booster's boat-tail that can be 
checked against design work for inter- 
ference among different lines and pip- 
ing around base of booster. 

Using blueprints of the flight design 
and its own in-house manufacturing ca- 
pability Marshall will build a non- 
flyable S-1C at Huntsville. It will be 
used as a static test firing unit and also 
provide Marshall with the experience 
of actually building an S-1C. it is ex- 
pected to be as useful as the SA-T static 
test model of the S-l stage, which has 
been fired here 23 times since April, 
I960 for a total of 1,331 sec. 

By using soft tooling and omitting 
some unnecessary items-such as stage 
separation rockets and perhaps fins— 
Saturn project officers expect to build 
this static test model six to nine months 
before Boeing rolls out its first booster 
from Michoud in 1963 or early 1964. 

The first Boeing-made S-1C also will 
be a non-flvable booster. It will be used 
as a dynamic test model to determine 
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NEW FULLER COATING 
OUTSIDE KEEPS THE 
MINUTEMAN MISSILE 
COOLER INSIDE 

When the Minuteman Missile is fired, the tem- 
perature inside its storage “silo” soars to a 
scorching heat — hot enough to penetrate any 
paint and damage the sensitive instruments 
inside the missile . . . complex, fragile instru- 
ments for navigation, data processing, control 
and communication. 

The Minuteman needed an entirely new kind 
of protective coating. With the cooperation of 
the Boeing Airplane Co., Fuller’s Aircraft Di- 
vision specialists came up with the answer. 

It’s called FUL-BLATE 878. It’s an ablative 
coating whose exposed surface evaporates as 
the temperature rises, degree by degree — like 
ice. As the coating ablates it carries the heat 
with it, and keeps the vital instruments inside 
the missile safe and cool. FUL-BLATE 878 is 
one of just two coatings approved for the Min- 
uteman by the Boeing Airplane Co., Aero Space 
Division. 

For over twenty-five years, Fuller has con- 
stantly sought new solutions to meet the de- 
mands of the space-age industry. Highly 
critical finishes to protect super-sonic aircraft 
and missiles are partners with the high quality 
conventional aircraft coatings produced by one 
of the largest and most modern paint manufac- 
turers in the nation. Whether your protection 
problem concerns private or commercial air- 
craft, or advanced aerospace development, 
Fuller’s research team is ready to help you find 
the proper coating. 


W. P. FULLER & CO. 
TECHNICAL COATINGS DIVISION 

450 East Grand Avenue 
South San Francisco, California 
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Future Projects Office Pushes Nova 


I Iniitsvillc, Ala.— Conversion of the Nova launch vehicle from 
a perennial study exercise to an actual hardware program is in- 
dicative of U. S. intentions to follow up the manned lunar 
landing project with a broad-gaged space exploration program. 

Nova, soon to enter the detailed preliminary design phase of 
development with hardware contracts expected by the end of 
the year, will have a payload capability of about 200 tons in 
earth orbit and 90 to 100 tons on escape missions, approximately 
twice that of the Saturn C-5. NASA and Marshall Space Flight 
Center plan to use Nova’s weight-lifting abilities after the first 
several manned lunar landings to haul materials and supplies to 
the moon in the buildup of a base there. Plans also arc being 
made to make maximum use of Nova's abilities in earth-orbit 
rendezvous operations. 

First stage of Nova, designated N-l, will be about 115 ft. tall 
and 50 ft. in diameter. It will be powered by eight Rocketdyne 
F-l engines, for a total stage thrust of 12 million lb. Second 
stage, N-2, also will be about 115 ft. tall, but will have a 40-ft. 
dia. 'I*he N-2 will be powered by four M-l engines, the new 
liquid oxygen-liquid hydrogen 1.2 million lb. thrust powerplant 
to be developed by' Aerojet-General Corp. Stage thrust of the 
N-2 will be 4.8 million lb. Third stage, N-3, will be 82 ft. tall 
and 22 ft. in diameter and will be driven by a single J-2 engine 
of 200.000-lb. thnist. 

All of the work done to date on Nova has been accomplished 
by MSFCs Future Projects Office, using in-house working 
groups and contractors. 

Future Projects, under Director Herman Koellc, primarily is 
responsible for the development and evaluation of concepts 
leading to advanced systems and future launch vehicles— from 
a non-rotating space laboratory and orbital launch facility to a 
super booster, tentatively labeled Orion, with a 1,000-ton pay- 
load capability. 

Tlic office carries an idea, whether generated within MSFC 
or by some outside agency, through the phases of feasibility 
and preliminary' design down to the point of seeing the con- 
cept become a hardware project office. Frequently, those 
Future Projects personnel who have been closest to the develop- 
ment of the concept leave that office to establish a project 
office when the idea becomes an approved program. Francis 
L. Williams, deputy director of Future Projects, has been 
directing the Nova studies for several years now and is expected 
to become director of the Nova project office. 

But for every MSFC in-house study, there are four contracted 
efforts with industry. During Fiscal 1963, Future Projects 
expects to award between 20 and 25 study contracts from a list 
of about 40 identified areas of interest, ranging from vehicle 
subsystems (such as a design manual for electronic systems of 
advanced launch vehicles) through future launch vehicles (such 
as the Orion) to lunar base concepts (such as a shelter for the 
first Apollo crew). 

Funds to be spent this year by Future Projects probably will 
run between $5-58 million. Only about 5% of this money will 


be spent for hardware and that for experimental verification of 
a particular idea or technique. 

Studies arc an essential clement of the work of the project 
offices and support divisions and arc centrally handled by the 
Research Projects Division under Dr. Ernst Stuhlinger. Engi- 
neers in projects and divisions arc asked at the beginning of each 
calendar year to identify the items they feel require research— of 
an applied, not basic, nature. On a standard form, an engineer 
describes the work he would like to have done, estimates the 
cost and suggests one or more contractors capable of doing the 

This research request is screened by the initiator’s immediate 
superior and then passed up to the project director division 
chief. If the request survives this screening, it is then forwarded 
to Research Projects, which makes another review, comparing 
it with known research efforts going on in other NASA centers 
or government agencies. Research Projects then either approves 
the request or returns it to the initiator’s office with appropriate 
comments or suggestions. 

All MSFC research requests arc compiled in a book with a 
total dollar figure and then forwarded to NASA headquarters 
for inclusion in the NASA budget request for the next fiscal 
year. Whatever money Congress allots to NASA is returned 
to Marshall and Research Projects apportions funds to as many 
requests as possible, using priorities jointly accorded the requests 
by Research Projects and the project office or division concerned. 

Bids then are solicited, a competition held and an award 
made, based on standard NASA procurement policies. Origi- 
nator of a request is responsible for the technical management 
of a study contract based on his request. 

This year. Research Projects asked for about $20 million 
for 350 research requests. Last year, the division asked for about 
the same amount of money but received only $10 million in the 
NASA authorization. It is felt that the pattern will repeat itself 

Chief of the Physics and Astrophysics Branch in Research 
Projects Division, Dr. Charles A. Lundquist, last year initiated 
Project Higliwater— a study of the ionosphere through its effects 
on a large quantity of water deposited in it. 

On the flight of Saturn SA-2 last April, the 95 tons of water 
carried in the dummy S-4 and S-5 upper stages as ballast were 
cxplosivclv released at an altitude of about 65 mi. Purpose of 
the experiment was to see how quickly a patch of the ionosphere 
built up after disruption, what the wind characteristics and dif- 
fusion rates are at that altitude and the effect of the water— 
which quickly turned to ice— on the region's radio reflectivity. 
Data derived from this experiment still is being processed and 
analyzed. 

Research Projects plans to repeat Highwatcr on another 
Saturn flight, probably SA-3, which is scheduled to fly later this 
year. Consideration now is being given to the addition of 
chemicals in the water so as to cither enhance or sharply reduce 
ionization levels between 100 and 150 km. altitude. 


bending moments and vibration modes. 
It also will be a dry run for Boeing's 
production line and, according to Mar- 
shall engineers, a test of the company’s 
manufacturing and quality control 
processes. 

S-1C will use five F-l engines for 
first stage thrust of 7-5 million lb. Four 
gimbalcd engines will be located 90 
deg. apart around the circumference of 
the base. The fifth, at the center, will 
be rigidly mounted. 

S-1C will have four fins around its 
base, like the Block-2 S-l stage, for 


aerodynamic stability. Short, airfoil- 
shaped fairings between the fins will 
house liquid hydrogen dump lines from 
the upper stages. To preclude the pos- 
sibility of liquid hydrogen boil-off run- 
ning down the side of the launch vehi- 
cle and perhaps mixing explosively with 
the frost formed around LOX tanks, the 
hydrogen will be piped down along the 
outside of the C-5 and ported at an 
angle away from the S-lC’s base. 

Chrysler Corp. won a S200 million 
contract last November from MSFC to 
build 20 S-l stages at the Michoud 


plant. Company also is expected to be- 
come system manager for C-l launch 
vehicle, as Boeing may for C-5. 

S-l consists of a central 105-in. dia. 
tank containing liquid oxygen and eight 
outer tanks, each 70-in. in diameter, 
alternately holding LOX and RP-1. 
The five liquid oxygen tanks arc pres- 
surized by gaseous oxygen and the fuel 
tanks bv high-pressure nitrogen. All 
tanks are interconnected so that equal 
amounts of fuel and oxidant are con- 
sumed if one engine fails. 

Marshall is building the first eight 
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At 6550°F. . . it’s just warming up! 


Recently test-fired at 65S0°F and 900 psi, this Pyrolytic 
Graphite Rocket Nozzle — now being primed by 
Curtiss-Wright engineers to withstand the critical 
temperatures predicted for tomorrow's rocket engines 
— is the result of a successful series of such test-firings 
initiated in July 1961. 

At Wright Aeronautical Division, four decades 
of heat transfer, design, and metallurgy experience 
have brought to realization many advanced space-age 
techniques in addition to pyrolytic graphite. Among 


prominent examples: uncooled thrust chambers: lith- 
ium-cooled and reinforced-plastic rocket nozzles. 

This background of experience and accomplish- 
ment exemplifies the Curtiss-Wright in-plant capabil- 
ity — a capability geared to the design and develop- 
ment of rocket engine subsystems and components 
that meet the most stringent requirements of space- 
age quality and reliability. Why not let it go to work 
for your program! For full information, write: 


Wright Aeronautical Division 

Curtiss ^Wright 

Corporation 

Main and Passaic Sts., Wood-Ridge, N. J. 
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Rift System lo Be Mated on Launch Stand 

Huntsville, Ala.— Airframe and engine of the Rift (reactor in-flight test) system 
will be mated for the first time on a launch stand— and not on a production line as 
is conventional— as these two major elements of the first U. S. nuclear-powered 
stage follow physically separate and distinct development programs. 

Marshall is responsible for all parts of the Rift stage except the engine. Lockheed 
Missiles and Space Co. holds a first-phase S6.5-million contract from MSFC for 
design of Rift and. nest May, will begin fabrication, development and testing of 
Rift vehicles under what is expected to be a S180 million program. Rift will be 
powered by the Nerva (nuclear engine for rocket vehicle application) engine. 

Col. Scott Fellows, USAF officer on loan to NASA, is the director of MSFC's 
Nuclear Vehicle Project Office within the Propulsion and Vehicle F.ngmeermg Divi- 
sion. Tin's office may become an independent project office— like Saturn Systems or 
Light and Medium Vehicles— especially since consideration now is being given to 
using an operational Rift stage on Nova as well as on Saturn C-5. Rift is scheduled 
to make its first flight around 1966-1967 as the third stage of a C-5 vehicle. 

Lockheed will build separate production lines of flight and ground-test Rift stages. 
Eleven of the approximately 85 ft. long. 35 ft. diameter stages arc planned under the 
present contract: 

• Three battleship models, with one ot these shipped to Aerojet for engine tests. 

• Three static and one dynamic test models for use at the Nuclear Rocket Develop- 
ment Station at Jackass Flats, Ncv. 

• Four flight test vehicles, to be flown from Cape Canaveral. Fla. 

First flight of Rift will be made with an inert Nerva engine. Second flight will be 
the first powered flight of Rift, with a live nuclear reactor flown into Cape Canaveral 
and mated to flic airframe in a vertical assembly building. This first livable Rift 
will be flown line-of-sigbt from the Cape in an almost straight-up and straight-down 
trajectory to provide the maximum telemetry time— about 10 min. 

Rift will not be built at the present NASA-owned Michoud, La., plant because 
the S-l and S-1C production lines will utilize all existent space. Plans now are 
being considered to add another high-hoy area to the Michoud facility to accommo- 
date Rift production or to build a completely new plant to house Rift and Nova 


S-ls, designated SA-1 through SA-8, 
at Huntsville. Chrysler will build 
SA-9 as a dry-run test of its manufac- 
turing procedures and then Marshall 
will construct the last research-and-dc- 
vclopment booster, SA-10. Chrysler 
then will build the 20 units called for 
in its contract. 

First two Saturn boosters— SA-1 and 
SA-2— flew successfully last Oct. 27 and 
Apr. 25, respectively. Both were three- 
stage vehicles, as SA-3 and SA-4 also 
will be, but the second and third 
stages-S-4 and S- 5— were and wall be 
dummy stages filled with water for 
ballast. 

Block-2 models of the S-l booster 
will be introduced into the flight test 
program starting with SA-5. Block-2 
version of the S-l differs from Block-1 
model, used on SA-1 through SA-4, in 
the following ways: 

• Up-rating of the H-l engine from 

165.000 lb. thrust to 1S8.000 lb. 

• Increased engine gimbal capability 
from Block-l’s ±7 deg. to ±10 deg. 
on Block-2. 

• Increased propellant capacity from 

750.000 lb. on Block-1 to 850,000 lb. 
on Block-2. 

• Addition of stabilizing fins to the 
Block-2 booster. 

Also starting with SA-5, the Saturn 
C-l will change to a two-stage con- 


figuration, using the S-l (Block-2) 
booster and the Douglas S-4 second 
stage. SA-5 will be the first powered 
flight test of the S-4, and will be the 
critical test of the guidance and con- 
trol system which is based on com- 
ponents drawn from the Army-Martin 
Pershing ballistic missile. 

SA-5 will carry the first unmanned 
Apollo spacecraft and flights SA-6 
through SA-10 will continue to test 
both the Saturn booster and the three- 
man spacecraft in earth-orbit flights. 

North American’s Space and Infor- 
mation Systems Division was selected 
last September to build 10 S-2 stages 
under an initial contract totalling S140 
million. 

Originally, the S-2 was conceived as a 
21.5-ft. diii., 74-ft. long stage to be 
powered by four J-2 engines, for a total 
stage thrust of 800,000 lb. 

But when Marshall and NASA de- 
cided last January to use five F-l 
engines in the advanced Saturn booster, 
the S-2 was modified to make it more 
compatible with the first stage. Di- 
ameter was increased to 33 ft., same 
as the S-1C. Length was stretched to 
80 ft. and a fifth J-2 engine was added 
to provide a total stage thrust of 1 
million lb. 1'he S-2 has a propellant 
capacity of 930,000 lb. 

Of seini-monocoquc design, the S-2 



HIGH PRECISION 
LOW LEVEL 


PCM SIGNAL 
CONDITIONING 
SYSTEMS 


This phase demodulator is typical 
of modules being designed and 
built by Dresser Electronics/SIE 
Division for signal-conditioning ap- 
plications throughout military and 
industrial areas. The recently- 
completed high-precision PCM sys- 
tem, of which this module is a 
part, is one of the first air-borne, 
low-level systems proven by use. 



PCM PHASE 
DEMODULATOR 


Input: 0-12 microamperes, 800 c-p-s 
Output: 0-40 millivolts, d-c, with 
0.5% max. ripple 

Accuracy: Max. deviation from linear 
0.5% of full scale for combined ef- 
fects of linearity, zero-point shift and 
gain shift 

Stability: Max. output variation 0.5% 

of full scale/ hour 


YOUR 

SPECIFICATIONS 
BRING AN 
IMMEDIATE 
QUOTE 
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SATURN DYNAMICS TEST 


will be constructed in vertical jigs at 
North American’s Seal Beach, Calif., 
facility. The company now is making 
structural modifications to the plant 
to allow it to accept the 80 ft. high 
stage. 

S-4 and S-4B Stages 

Contract for 10 S-4 stages was 
awarded to Douglas Aircraft Co. in 
May, 1960. The S-4B— for which Doug- 
las is expected to receive a contract 
shortly— grew out of a six-month feasi- 
bility study done by Douglas as a task 
assignment under the S-4 contract. 

Both S-4 and S-4B have a 220-in. 
diameter, but the S-4B is about twice 
as long as the 41-ft. S-4. The S-4 will 
be the second stage of the C-l Saturn; 
the S-4B will be third stage of the C-5. 

Originally, the S-4 was to have been 
powered by four LR-119 liquid oxygen- 
liquid hydrogen engines, rated at 17.- 
500 lb. thrust each, for a total stage 
thrust of 70,000 lb. 

In March of 1961, NASA and Mar- 
shall decided to substitute six 15,000 
lb. thrust RL 10 A3 engines for the 
proposed uprated units. Total stage 
thrust now is 90,000 lb. Propellant 
capacity is about 100,000 lb. 

The S-4B will be powered by a single 
J-2, producing 200,000 lb. thrust. Pro- 
pellant capacity is about 230,000 lb. 

Marshall had considered using a third 
stage— the S-5— on the Apollo Saturn 
C-l, but decided against it when 
studies showed the stage would not add 
enough to over-all vehicle performance 
to compensate for its weight. S-5 is a 
Centaur stage modified for use aboard 
Saturn. It may see service several years 
from now on a three-stage Saturn C-l 


A look over 
the transom at 
General Electric 


FUEL 

CELLS 


ABOUT THIS SERIES. Things ar 


- rr -..ing with G-E fuel 

. „ half-dozen years of developing 

these power sources that generate electricity directly 
from a chemical reaction, the progress is enormous. We 
could write books— (in fact there are two of a progress 
report flavor already available; yours for the asking') — 
but fuel cells are such a new and promising technology 
that this is hardly the stage at which to tell all. That’s 
why, for now, we'd rather limit the world to monitored 
glances through our laboratory transom. But we'll he 
appearing regularly with newsworthy highlights, i 
" — • — — *- — of enthusia 


hope you'll tolerate an occasional note of enthusiasm 


JULY, 1962 

I A MILESTONE AND WHAT' 
In fuel cell R&D, as in any fastmoving 
technology, success is checkered with the 
kind of building blocks that many of us 
like to call milestones. We had one re- 
cently, when a G-E ion-exchange mem- 
brane cell logged its 2000th hour of con- 
tinuous 100-amp/ft' operation at 0.7 volt. 
It was a gratifying moment and, just for 
fun, we used it as an excuse to spot- 
inventory the six years of work that led 
up to it. Here are some of the things we 
catalogued. We counted up having worked 




II construction designs 


6 classes of fuel compounds 
12 cell assembly methods, and 
15 operating hardware designs 
And other engineering almanacs showed, 
with a little computation, that 
385,000 hours of engineering hardware 
lest are now behind us, including 
200.000-plus cell-hours of life test. 

Now obviously the sum total of all this 
is far, far greater than the mere success 
of a 100-amp/ft' test cell. (Our Progress 
Report GEA-7538 has eight pages about 


■ WATTS WITH FUEL CELLS FOR GEMINI 


al talk. 


S BEHIND IT 

other milestones. Copies, unlike fuel cells, 
are available ‘'off-the-shelf" if you'd like 
to drop us a card.) Among other land- 
marks, for example, we have found ways 
of packaging the ion membrane fuel cell 
to provide impressively high power density 
per unit volume. The 100-amp/ft' cell 
represents an output of over two kilo- 
watts per cubic foot, a respectable yield 
in any man's language. But we find es- 
pecial reassurance in the 100-amp cell for 
another reason. Together with its 150- 
amp/ft’ (more than 3 KW/ft’) offspring 
that's now undergoing early tests, it con- 
clusively dispels any of the old doubts 
that ion membrane cells, even though 
compact and uncomplicated, could escape 
their suspected handicap of low power 

As to why this success . . . well, we sus- 
pect our competitors tend to read maga- 
zines too. So for the moment details of 
the “whys" (as well as of some additional 
“whats" that we've frankly yet to learn) 
will have to remain behind closed doors. 
How 
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power for the spacecraft 
le drinking water needed 
uts’ projected two-week 
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confirm the 


I ENLISTING HYDROCARBON COOPERATION 


that hydro; 




a family of fuel cclls P that will thrive on 
' ' ’ in fuels. The problem is 

ng with platinum and 
a catalysts. Compared 
with those of hydrogen, they act down- 
right sluggish. While our hydrogen-air 
cells are now easily producing 0.7 volt at 
200 amps/ft’ with a liquid electrolyte, the 
same sized cell operating on propane be- 
grudges us a mere 0.3 volt at 10 amps. 
But that, we can modestly allow, is still 


T^ogress Is Our Most Important T^roduct 

GENERAL # ELECTRIC 
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Modular design permits replace- 
ment or addition of individual circuits 
without disturbance to others. 

IIQII 

Maintenance is simplicity itself. In- 
dividual terminal bases snap on and off the supporting 
rail. All you need is a screwdriver and a few seconds' 

Compact, lightweight. Save 75% in space, 55% in 
weight, compared with ordinary Military Standard 
terminal strips. 

Add more circuits quickly and easily. Merely 


loosen and extend end retainers and snap desired 
number of additional terminal bases onco rail. 

Rugged, durable. Joyblocks have withstood a 
whole battery of punishing environmental tests. 

“Biggest improvement in 20 years” is a verbatim 
quote from a veteran engineer in the aircraft and mis- 
sile industry recently introduced to Joyblocks. Here 
is one of those rare new products which truly deserve 
the description, "revolutionary." A French patented 
invention, Joyblocks have been redesigned in 
American materials to American standards. 


Biggest Improvement in 
Terminal Blocks in Twenty Years! 



for some unmanned satellite and inter- 
planetary probe missions. 

NASA and Marshall inherited the 
Centaur program from USAF with 
something less than wild enthusiasm. 
Despite development problems and a 
first-flight failure last Match which have 
added 18 to 24 months to its original 
schedule. Centaur appears to be com- 
ing out of the development woods, and 
Marshall officials— including Wemher 
von Braun— have publicly defended it. 

Hans Huctcr, director of light and 
medium vehicles project office, says 
that present Centaur problems do not 
look any more serious than those en- 
countered in other new programs. 

Huctcr has established a series of 
working groups— in such areas as struc- 
tures, guidance and control, propulsion 
and launch countdown procedures— 
with personnel drawn from Hueter's 
own project office, from Marshall sup- 
port divisions and the two prime con- 
tractors-General Dynamics/ Astronau- 
tics for the stage and Pratt & Whitney 
for the engines. 

Agena-D 

Unlike Centaur, where Marshall 
deals directly with General Dynamics. 
Marshall's prime contractor for its 
Agena program is USAF's Systems 
Command and the actual builder of the 
stage— Lockheed Missile and Space Co, 
—technically is a subcontractor to USAF. 
All changes desired by Marshall in the 
basic Agena are passed to USAF, which 
in turn directs Lockheed to make the 
changes. 

Marshall is looking forward to the 
Agcna-D, which will have the same 
configuration and propulsion system as 
Agena-B, but a sharper separation of 
carrier vehicle and payload. The B, 
developed primarily for USAF's Midas 
and Samos programs, has different mis- 
sion systems and subsystems scattered 
throughout the stage and these must 
be modified before NASA payloads can 
be mounted effectively. 

All electronics on Agcna-D are the 
latest modifications of B equipment 
and are more accessibly located on the 
stage's basic structure. For example, 
the guidance system now is modu- 
larized and can be reached through a 
single panel. These changes have 
added some weight to Agena-D, but 
the vehicle project office feels that 
the cleaner layout of systems and 
greater accessibility more than compen- 
sate for it. 

NASA has firm plans to use both 
the B and D models through at least 
1965. 

Marshall, in conjunction with USAF, 
presently is looking for an inexpensive, 
standardized upper stage for small pay- 
loads that would be available around 
1965-1966. Whether it will be a modi- 


NOW FROM DUNN ENGINEERING DIVISION 
OF WAYNE-GEORGE CORPORATION 



AIR BEARING 


TEST TURNTABLE 

5800 lbs. Maximum Pure Thrust Load* 
4200 lbs. Maximum Pure Radial Load’ 
66,000 in. ibs. Maximum Pure Moment Load** 
0.5 in. ibs./Rad./Sec. Bearing Viscous Friction 

New Dunn T918 Turntable has largest capacity and proven optimum 
performance for inertial platform and gyro testing. Options include 
servoed slip rings, frictionless torquers, and a variety of rate and angle 
readout systems. New T9 18 is now in use testing the NASA Saturn 
Guidance System. Write or call for more details on Dunn Air Bearing 
Turntables ... an advanced concept for more accurate testing of large 
inertial systems. 


WAYNE-GEORGE CORPORATION 

DUNN ENGINEERING DIVISION 

322 Needham Street, Newton 64, Mass. 

WOodward 9-7300 
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COME OCTOBER THIS BAG WILL CONTAIN THE NEW LINE OF PYLE 
GROUND SUPPORT ELECTRICAL CONNECTORS. THIS LINE WILL MAKE 
YOU CHALLENGE THE IMPORTANCE OF CONNECTOR SIZE TO 
YOUR PROJECTS. WRITE TODAY TO THE PYLE-NATIONAL COMPANY 
CONNECTOR DIVISION. PYLE-NATIONAL 


fied Ageiia or a Centaur atop an Atlas 
or a Titan, Marshall feels strongly that 
there is a requirement for a more eco- 
nomical vehicle in the years to come. 

All NASA centers have been laying 
stringent reliability requirements on 
contractors during the past year and 
Marshall- has been no exception. Un- 
like military' booster programs, where 
a reliability figure of 75 to 80% might 
be acceptable. Marshall is seeking 
almost a 100% guarantee that a launch 
vehicle will work when called upon. 
Hardware is getting too big and too 
expensive to afford failures, 

Marshall’s director. Wcmher von 
Braun, says that reliability has three 
major components: 

• Inherently reliable design. 

• Constant striving on all levels of the 
contractor’s organization to achieve per- 
fection. Past perfonnance in this area 
will be a critical clement in the award- 
ing of future contracts. 

• Establishment of manufacturing pro- 
cedures and development of checkout 
equipment. 

Marshall has a Quality Assurance 
Division whose job it is to design auto- 
mated checkout systems and to analyze 
all electrical, pneumatic, hydraulic and 
mechanical systems intended for any 
booster. The center also has a Reli- 
ability Office, which ties in closely with 
the Saturn Systems and Light and 
Medium Vehicles Project Offices. 
Saturn Guidance 

Guidance and control systems for the 
Saturn C-l and C-5 will be made chiefly 
by Marshall, using components drawn 
from the Jupiter and Pershing ballistic 
missile systems. 

The Astrionics (formerly Guidance 
and Control) Division presently is de- 
veloping two all-inertial systems, in- 
cluding sensors and flight controls, for 
the following: 

• Saturn C-l, for the first five or six 
flights of the Block-1 S-l booster— 
SA-1 through SA-5 or SA-6. This sys- 
tem employs components taken from 
the Jupiter missile and mounted on a 
modified platform. 

• Block-2 Saturn C-l and Saturn C-5. 
This system, intended to be the guid- 
ance and control unit of operational 
Saturn vehicles, is based on accelerom- 
eters, gyros and leveling pendulums 
drawn from the Pershing weapon sys- 
tem. These will be mounted on a four- 
gimbal platform with 360 deg. freedom 
in all planes; it is being built by Eclipse- 
Pioneer Division of Bcndix Corp. Plat- 
form’s full-circle freedom is designed to 
give Saturn a maneuvering capability 
for rendezvous operations. 

Pershing components will be flight- 
tested on an open-loop basis aboard 
Satums SA-3 through SA-6, but— if 
proved successful by SA-5— may be as- 
sembled into the complete unit to re- 


services for aerospace contractors: 



ENVIRONMENTAL EVALUATION 

Arma environmental laboratories are among the finest in the nation, 
originally designed for stringent testing of the all-inertial guidance equip- 
ment now in operational service on Air Force ATLAS missiles. These 
facilities, including the world’s most precise large centrifuge test unit, can 
now provide complete engineering evaluation services for contractors. Out- 
standing simulation equipment plus a competent staff of experienced 
engineers is available to help design and develop better, more reliable 
equipment and components through environmental testing. 

STANDARDS AND MEASUREMENTS 

Comparable in many respects to National Bureau of Standards facilities, 
the Arma standards & measurement laboratory is available to outside con- 
tractors for assistance on specialized measurement problems and quality 
control activities. Certification of reference and working standards and 
maintenance of records can be provided. Facilities for electrical measure- 
ments in the audio spectrum are the finest available. 

These Arma laboratories were used in the development and production of 
the Atlas all-inertial guidance system and the B-52 fire control system. 
These sophisticated projects fully demonstrate Arma’s qualifications to 
offer expert assistance to those seeking the finest in facilities, personnel, 
and experience. 


Complete technical information on the services available 
contained in a 24 page brochure ESAT-1. Write Corpora' 
Government Marketing, Arma Division, American Boscl 
Arma Corporation, Garden City, N. Y. 


ARMA DIVISION 

AATSB/CA/V BOSCH' AMT A COBBOBATiO/V 




SILICOLOGY 


Studies in S/Zicones 

HOW THESE TIME-TESTED MATERIALS 
CAN WORK FOR YOU 


At 100 Below, This Fluid Flows— 

At 400 Above, It’s Still There 



In the early days of silicone 
manufacture, a special electri- 
cal grade fluid had to be pro- 
duced. But Union Carbide 
has found it no longer neces- 
sary to market a special prod- 
uct. Instead, all L-45 fluids are 
now electrical grade, with the 
result that recently a large 
ufacturer of electronic 


Go up (in a high altitude fighter) or down 
(to the Antarctic) and you encounter 
temperatures too low for most fluids. 
Find a fluid that stays fluid, put it in an 
apparatus where part of the time it gets 
hot, and there it goes, boiling off. What 
to do? Use Union Carbide’s remarkably 
stable low-temperature, low-viscosity 
L-45 silicone fluids. Nominal 7 centistoke 
L-45, for example, has a viscosity of less 
than 200 cstk. (Ostwald) at -100°F.; 
and its low volatility is shown by its flash 
point of 345°F. (see chart). 

QUALITY- ALWAYS I 

A fluid of this nature is called for in heat 
exchange devices, electrical systems, hy- 
draulic systems, liquid springs, and other 
devices that must operate between -50“E 
and -100“ E And Union Carbide low vis- 
cosity L-45 Silicone Fluids are the best 
fluids of this nature. They are fluid at 
these temperatures, and therefore pump- 
able; they have low volatility, and there- 
fore are useful at higher temperatures, 
too; and they are uniform in their prop- 
erties. Union Carbide is the quality 
leader in silicones, and high reproduci- 
bility of properties is one reason why. 
This reflects the extreme quality control 
measures which have made, for instance, 
our organo-silicone surfactants the stand- 
ard of the polyurethane foam industry, 
and our transistor-grade trichlorosilane 
the optimum basis for producing ultra- 


4. Viscosity-Temperature Coefficient® , . , .0.54 

5. Specific heat 0.34 cal/g. 

6. Coefficient of Expansion** 11.1 x 10 -* 

7. Specific gravity (25°C/25 ,! C) 

8. Volatility (2 ^sample-24 hrs 

. ...5.6wt-% 

10. Dielectric Strength (KV with 0.1" gap). .38 

"(ASTM 0-92449)"’ 


12. Dissipation Factor @ 25°C. 
(«STM 0-924-49) 


13. Volume Resistivity (ohm-cm) 
(ASTM D-1169-MT) 

...1.2,101. 

tModifled ASTM test 

•*cc/cc/°C. 


the first of this viscosity to be considered 
for certain critical military applications 
where reliability is essential! 

Another such application is as a heat- 
exchange medium for an electronic- 
counter-measure device in the B-52 
bomber. The Union Carbide fluid 
pumpable at the low temperatures e 
countered at high altitudes, and stable 
in contact with the heat of the device. 
The plane’s safety depends upon the 
counter-measure device; the 
reliability of the device de- 
pends upon the fluid. The fluid 
is Union Carbide L-45, 20 
cstk., which has a flash point 
of greater than 400°F. and a 
pour point of about -100“F. 


equipment found, after his own exhaus- 
tive testing, that our regular fluid was 
significantly freer of impurities than spe- 
cially prepared "electrical grades” of 
other manufacturers. This holds true, 
also, for these low-temperature, low-vis- 
cosity fluids. The outstanding electrical 
properties of L-45 silicone fluids make 
them ideal as insulating and cooling me- 
diums in capacitors, small transformers, 
circuit breakers, and other electrical de- 
vices. And at very low temperatures, a 
low viscosity silicone fluid is absolutely 
essential. The data in the accompanying 
table give the actual facts and figures. 

SEE YOUR SILICONES MAN 

Union Carbide is the leading innovator 
in silicones technology. Breakthroughs 
such as these consistent and reproducible 
low-temperature fluids are constantly de- 
veloping. One reason for this is the great 
resource of technical capacities available 
within Union Carbide Corporation— 
in this case, the world's finest low-tem- 
perature laboratories and scientists made 
their contributions. To find out what’s 
being done in silicones today (and tomor- 
row), contact your Silicones Man. He rep- 
resents thousands of scientists and their 
coordinated abilities. Send in the coupon 
below for further information. 



SILICONES 

Union Caiuude is a registered trade mark of 
Union Carbide Corporation. 


Silicones Division 

Dept. G 1 64202. 30-20 Thomson Avenue, 
Long Island City 1, N. Y. 

In Canada: Union Carbide Canada Ltd., 
Bakclite Division, Toronto 12. 

Please send me data on 


j Company 

I Address— 

| City Zone State 
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Michoud Plant, Mississippi Test Facility 


National Aeronautics and Space Administration's Michoud. 
La., manufacturing plant and tlic Mississippi Test Facility arc 
extensions of the Marshall Space Flight Center and key installa- 
tions in the development program for large launch vehicles. 

At Michoud, about 15 mi. north and cast of New Orleans. 
Boeing will build the S-1C booster for the Saturn C-5 vehicle 
and Chrysler Corp. the S-l first stage for the Saturn C-l— 
both under the same roof. Support services for the plant, which 
has about 1.8 million sq. ft. of manufacturing space and a clear 
working height of 40 ft., will be provided Marshall, Boeing and 
Chrysler by the Mason-Rust Co. S-1C will be built vertically 
and the plant will have to be modified to accept the stage's 
140-ft. height. 

'lire plant is expected to have a capacity of one booster per 
month. It stands on 825 government-owned acres. There is a 
possibility that an additional high-bay structure will be built for 
construction of the Rift (reactor in-flight test) nuclear-powered 
stage. The plant has a 5,500 ft. long airstrip and a canal link to 
the Mississippi River-Gulf ontlet. S-1C and S-l stages will be 
barged from Michoud to the Mississippi Test Facility and Ca]re 
Canaveral. 

Marshall now has a resident staff of 55 people, under Dr. 
George Consfan, stationed at Michoud with about another 25 
scheduled to be assigned there by the end of this year. Boeing, 
Chrysler and Mason-Rust personnel arc expected to reach close 
to 7,000 by mid-1963. 

NASA has stipulated that the stages of launch vehicles be 
built at government-owned plants so that the agency can evict 
a poor-quality contractor and bring in a replacement with mini- 
mal interruption in production schedules. No contractor— Boe- 
ing for the S-1C, Chrysler for the S-l, North American for the 
S-2 and Douglas for the S-4 and S-4B— has an iron-clad guaran- 
tee that he will receive a follow-on contract for additional units 
of the stage he is building now. Future work, Marshall has 


made clear to contractors, depends on present performance. 

Mississippi Test Facility is an adjunct to Michoud. Present 
plans are to construct these stands initially; 

• Two acceptance stands for the S-1C booster. These stands 
will closely approximate the propellant loading, pressurization 
and other systems to be found in the future Saturn C-5 launch 
stands at Cape Canaveral. 

• Two acceptance stands for the S-2 second stage. 

Future planning now envisions the addition of these stands: 

• One acceptance and one rcsearch-and-development stand for 
the N-l booster of Nova. 

• One acceptance and one rcseareli-and-dcvclopment stand for 
the N-2 second stage of Nora. 

• One F-l and one M-l single-engine stand located, respec- 
tively, near the N-l and N-2 stage stands. These engine stands 
will allow the stage contractor to check various elements of 
his stage design using only one engine instead of eight (the 
number of F-ls in N-l) or four (number of M-ls in N-2). 

Consideration also is being given to construction of a cold- 
flow stand for the Rift stage and the conceptual S-1B booster 
—an S-l stage with one F-l engine replacing the cluster of 
eight 11-1 powcrplants. 

Stands will be located in the middle of the NASA-owned 
13,550-acrc reservation and exhausts probably will be deflected 
toward the northeast where the surrounding area is least inhab- 
ited and the noise problem should be less. Emending the ap- 
proximately 5-sq.-mi. test area is an easement area of about 
128,400 acres. Area is in the southwestern-most corner of 
Mississippi, about 50 mi. from Michoud. 

Within the test area, there will be a considerable support 
area, including offices, warehouses, shops, etc. Firm of Sverdrup 
& Parcel holds a contract from Marshall for studies of rail 
access, propellant requirements, industrial water supplies, canal 
utilization, data processing and transmission and safety. 


place the Jupiter system as the primary 
guidance unit on SA-6. It will control 
all Saturn C-l and C-5 flights there- 
in addition to the platform, the 
Pershing system adapted for Saturn 
substitutes an International Business 
Machines (IBM) digital computer for 
the weapon system's analog unit. Al- 
most identical to the one built by IBM 
for USAF's Titan 2 ICBM, the com- 
puter has a 4.5 in. diameter magnetic 
drum memory with a 100,000 bit 
capacity. It will fly for the first time 
aboard SA-5. 

Entire guidance system, along with 
telemetry and communications equip- 
ment, will be contained within an in- 
strument unit 220 or 260 in. in diam- 
eter and about 5 ft. deep. This unit will 
be inserted between the top upper stage 
(S-4 on C-l flights; S-4B on C-5 vehi- 
cles) and the payload. 

Autopilot Function 

Autopilot function of the system will 
be derived from attitude sensors, a 
small analog control computer and the 
gim bal-actua tors of the engines. Sen- 
sors are resolvers mounted on the gim- 
bal rings of the gyro-stabilized platform 
and provide pitch, roll and yaw data. 


Resolver outputs are fed through the 
computer to the engine actuators of 
whatever stage is burning at the time. 

On SA-4, the instrument section will 
mount infrared horizon scanners which 
will be flown open-loop. Performance of 
these sensors will be compared to that 
of the resolvers and, if they should 
prove to be more accurate the IR 
units will be used instead of the resolv- 
ers to align the platform along a local 
vertical during coast periods. 

Resolvers also arc used to check drift 
of the gyros stabilizing the platform; 
the IR sensors will be compared with 
the accuracy of the resolvers in this 
function, too, with an eye toward 
possible replacement. 

Body-Fixed Accelerometers 

In addition to the three mutually- 
pcrpendicular accelerometers on the 
stabilized platform, the guidance and 
control system will include two body- 
fixed accelerometers to monitor forces 
in two perpendicular directions-such 
as wind gusts and thrust variations. 

A radio-command link will allow 
ground trackers to send overriding sig- 
nals to the guidance system— if neces- 
sary-and will be used to shut down 
the engines of the last stage when cor- 


rect velocity has been achieved. Sys- 
tem is being designed for an accuracy 
of 10 fps. 

Astrionics Division also is considering 
what modifications would have to be 
made to the Pershing-component sys- 
tem to adapt it to the Nova vehicle. 
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This research specialist is subjecting a military power pack- 
age to programmed torture. Purpose... establishing design 
and hardware reliability. This type of practical research was 
applied to the development of a 700 HP aluminum compres- 
sion ignition engine weighing about four pounds per HP. 

A standard procedure at Caterpillar, testing of this type 
is used regularly with new components, engines and vehicles. 
A new facility has been completed which will expedite these 
engine testing programs through the built-in fuel, water, 
exhaust, control and instrument systems. 

A six-winged building of 164,000 sq. ft., the new Engine 
Research and Development Laboratory houses a complex of 
72 testing cells where a wide variety of engines can be tested. 

Each cell is air conditioned to 75° Fahrenheit and is main- 
tained at a slight vacuum. Each has its own inertia block 
to eliminate the transfer of vibration from one test zone to 
another. Each is completely soundproof. The researcher 
and the engine are separated by thick pane glass panels. 

During testing, an automatic console control permits the 
researcher to subject the engine to any of the many stresses 
and strains it could encounter during its work life. With 
the flick of a switch or the turn of a dial, the specialist can 
adjust the water temperature of the cooling system, the 
horsepower, the oil and fuel pressure, the RPM, the load and 
torque, or many other conditions. 

The effect these changing conditions have on the engine's 
performance is accurately measured at the console. Test 
results are correlated— and often predicted— by digital and 
analog computers. The analysis of these results is combined 
with the findings of a physical examination of individual 
parts for ways to provide maximum reliability. 


Another building soon to be ready at the Technical Center 
is the Gas Turbine Engine Laboratory. Here will be housed 
facilities for the research group which has been exploring 
this exciting new engine concept for the past five years. 

When the Center is completed it will consist of six 
buildings. It will house 1400 engineers, physicists, applied 
mathematicians, chemists, metallurgists, instrumentation 
specialists and laboratory technicians who are part of the 
Caterpillar research and development team. 

It will provide needed additional space and facilities for 
the intensive research currently going on in metal fatigue, 
high-speed rotational phenomena, fluid mechanics, fuels and 
lubricants, special studies in basic materials, and dozens 
of other projects. 

This type of research helps assure you of effective per- 
formance, with minimum maintenance, from specialized ve- 
hicles such as the AUET and eight-ton GOER vehicles, and 
new-concept power packages such as the LDS-750 and LVDS- 
1100 aluminum engines. 

For more information about how Caterpillar’s expanding 
R & D facilities can contribute to the solution of your ground 
mobility problems, write Defense Products Department, 
Caterpillar Tractor Co., Peoria, Illinois. 


CATERPILLAR 



New NASA Center Expands Cape Mission 


Launch Operations Center will have increasing role 
in design, application of advanced launch vehicles. 

Cape Canaveral— Newly-established Launch Operations Center will join 
the Marshall Space Flight and Manned Spacecraft centers this year as a full 
partner in the manned lunar landing program and also will have an increasingly 
greater voice in the design and use of new launch vehicles. 

Starting with the present Satum C-l program, facilities are becoming as 
essential an element in a launch system as the flight vehicle itself. As future 
vehicles, such as Satum C-5 or Nova, grow in size and complexity, so will the 
facilities and the requirement to extract the maximum use from each launch 


complex. 

These considerations of vehicle size, 
launch frequency, number of launch 
stands, time and money and conducting 
the launchings themselves are the com- 
ponents of the mission assigned to the 
center and its director, Dr. Kurt H. 
Debus. They might be summed up this 
way— How is NASA to launch more 
vehicles more frequently from the least 
amount of land at the most economical 
cost? 

This question applies equally to all 
programs brought to LOC here at the 
Atlantic Missile Range, whether they 
arc today's research and development 
projects, such as Saturn, or tomorrow's 
operational systems, such as Apollo- 
Satum is expected to become bv 1967- 
1970. 

Anticipating a near-future time when 
its activities at Cape Canaveral will take 
on more of an operational color and less 
of a research-and-development shade, 
NASA decided earlier this year to sepa- 
rate the Launch Operations Directorate 
from Marshall and establish it as an in- 
dependent center. This separation was 
scheduled to become effective July 1. 
Lunar Landing Program 

Interfaces between the center and 
Huntsville and Houston now are being 
defined. This will fix the Launch Opera- 
tions Center’s precise spheres of respon- 
sibility in the manned lunar landing 
program. Manned Spacecraft Center is 
charged with development of the Apollo 
spacecraft and Marshall with the devel- 
opment of the Satum C-5 launch ve- 

To Debus’ center probably will go the 
task of assembling the complete Apollo- 
Satum vehicle and then launching it- 
at least through the powered flight of 
the three-stage Saturn— as well as sched- 
uling launch windows with the Atlantic 
Missile Range and coordinating all 
NASA support requirements to be asked 
of the range. The center here will re- 
port directly to Brainerd Holmes’ Office 
of Manned Space Flight at NASA head- 
quarters. 

Debus presently is building his organ- 


izational structure. It is expected to 
resemble that of Huntsville and Hous- 
ton with support offices in two broad 
areas— facilities and ground support 
equipment— and two systems offices— 
heavy and medium space vehicles— plus 
the usual administrative and financial 

There also will be a technical staff 
of specialists in such areas as pad safety, 
nuclear systems and sound and explosive 
damage, reporting directly to Debus. A 
reliability office and an industrial rela- 
tions office also are strong possibilities. 
Field Office 

Debus expects to have a field office 
of about SO personnel, under Theodor 
Poppcl, stationed at Huntsville to see 
that operational launch requirements 
are incorporated into the design of new 
launch vehicle systems and that vehicle 
design parameters are met by the 
ground support equipment planned for 
installation at the Cape. Marshall will 
have a field office attached to the cen- 
ter here, essentially for the same pur- 
poses as the launch center's office at 



SATURN SA-2 lifts off pad in Apr. 25 test, 
right. Ice crystal cloud, above was formed at 
65 mi. altitude by dumping water ballast. 
S-2 was deliberately destroyed. 
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. . .over 3500 Philco Field Engineers help keep complex defense 
systems operating around the clock and around the world. 

For more than 20 years Philco has been working side-by-side with our Nation's 
Armed Forces, providing essential, highly specialized contract technical serv- 
ices in all parts of the world, regardless of make or type of equipment. Philco 
Field Engineers are busy installing radar antennas . . . maintaining data proc- 
essors . . . operating tracking systems . . . engineering microwave systems . . . 
teaching advanced classes in missile technology. 

The varied talents and proven skills of Philco Field Engineers backed by an 
experienced, world-wide management organization, are an important part 
of Philco's growing leadership through diversity in electronics for Defense. 
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Huntsville and also to monitor the con- 
dition of stages shipped to the Cape 
from Marshall-supervised production 

Facilities office of the launch Center 
will be responsible for the brick-and- 
mortar construction of launch com- 
plexes, support structures, launch con- 
trol centers and the vertical assembly 
building. It will work closely with the 
Army Corps of Engineers, the actual 
construction agent. Ground support 
equipment office will be charged with 
integration of computers and checkout 
equipment in the different vehicle han- 
dling and assembly buildings, propellant 
storage and transfer systems, the launch 
table-including support and hold-down 
arms, and display equipment in launch 
control center and blockhouse. 

In the systems offices, the heavy ve- 
hicle branch will assemble, check out 
and launch the Saturn C-l and C-5, 


Nova and Rift vehicles. The Saturn C-5 
with a Rift third stage aboard is called 
a Saturn D. Medium vehicles office 
will be assigned to handle Thor Agena, 
Atlas Agena and Atlas Centaur boosters. 

Debus' center deals with Air Force 
Missile Test Center, proprietor of the 
Atlantic Missile Range, through a Test 
Support Office under USAF Col. Asa 
B. Gibbs, who is on loan to NASA. Test 
Support Office gathers the requirements 
of all NASA units on the Cape, ranging 
from new roads to scheduling proposed 
launch dates to tracking and presents 
these needs to AFMTC as a unified 
package. Conflicts among the different 
NASA centers are ironed out before 
requests arc laid on AFMTC. 

AFMTC is responsible for a build-up 
of the range in general. NASA for fa- 
cilities needed for specific missions. All 
AFMTC support is reimbursable. 

Forecasting of future needs in utili- 


CONTROL CENTER AT LAUNCH COMPLEX 34 


Pacific Launch Operations Office 

Seven Nimbus meteorological satellites and seven scientific payloads are planned 
for launch into polar orbit by the National Aeronautics and Space Administration 
over the nest two vears from' the Pacific Missile Range. 

Pacific Launch Operations Office has been established by NASA at Pt. Arguello, 
Calif., to coordinate the agenev's requirements at PMR with Navy and USAF. 
Office has the use of four Thor-Agena B launch stands at Vandenbcrg AFB and two 
Atlas-Agena B stands at nearby Pt. Atgncllo. NASA has its own Scout launch com- 
plex at Pt. Arguello. 

Pacific office, which reports to the director of the Office of Space Sciences, is 
staffed presently with about 15 people. There arc field offices of Goddard Space 
Flight Center (seven people). Marshall Space Flight Center (six) and Langley 
Research Center (five) attached to the office. 

Navv made available half of a missile assembly building at Pt. Arguello for a NASA 
spacecraft laboratory. There, with 4,000 sq. ft. of laboratory space and 10.000 sq. ft. 
high-bay area, satellites arc cheeked out, telemetry tested and missions simulated to 
the extent of the ground support equipment provided by the contractor or payload 

Pacific office has one floor in a building adjacent to the laboratory and there, in 
addition to administrative offices, it is building a mission operations center. The 
mission director— drawn from the center responsible for the payload— will control the 
flight of his spacecraft from this center through data displayed on plotting boards 

A 450 ft. tall antenna tower is being built alongside the spacecraft laboratory to 
allow direct communications between the mission operations center and spacecraft 
sitting on stands at Vandenberg; a 350 ft. tall ridge presently separates the two sites. 



proud of the role it played in the 
flights of the Friendship 7 and 
Aurora 7. One of the factors 
most vital to success was the 
performance of the capsules' 
communications equipment. 
National Chemsearch’s remark- 
able solvent degreaser “SS-25” 
was chosen to clean and main- 
tain the radios and related com- 
munications equipment, manu- 
factured by Collins Radio Com- 
pany. 

"SS-25” is used with confidence 
and satisfaction by America’s 
largest industries. It is highly 
effective in degreasing and 
cleaning all types of radios and 
communications equipment, 
electronic components, delicate 
instruments, in-service or dis- 
assembled electric motors, elec- 
trical and mechanical equip- 
ment, etc. 

You will find “SS-25” ideal for 
the many applications in your 
industry where a safe solvent is 
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tics, roads, sites, communications and 
instrumentation, telemetry and tracking 
is accomplished in a Master Planning 
Board, which includes representatives 
from AFMTC and other military agen- 
cies, the Launch Operations Center and 
Pan American, contract operator of the 
range. Originator of a request tries to 
cite the actual equipment or facility he 
will require and the date, and AFMTC 
then cranks this requirement into its 
future plans. Planning Board is perhaps 
the most important of several joint 
USAF - NASA - contractor working 
groups. 

To preclude the growth of large, 
separate NASA launch crews for each 
launch vehicle system, the launch cen- 
ter intends to grant more and more 
preflight and launch responsibility to 
vehicle contractors. As a vehicle leaves 
research and development and ap- 
proaches operational status, center 
launch specialists gradually will taper 
off that vehicle and transfer to a new 
vehicle just beginning its flight test pro- 

The contractor, probably the vehi- 
cle’s system manager, gradually will be 
phased into the operation and be thor- 
oughly trained in the center’s proce- 
dures, philosophies and policies. Even- 
tually, when a vehicle has reached 
operational status, its launch complex 
will be staffed about 99% by contrac- 
tor personnel. The center will retain 
control and authority of the vehicle, 
and the NASA center providing the 
payload for the vehicle may direct the 
mission— but the launch and powered 
flight of the booster will be executed by 
the contractor. 

Launch Operations Center presently 
has about 600 personnel, of which some 
200 are engineers or technicians. 
Debus hopes to add another 1 80 to 200 
slots to his center this fiscal year, bring- 
ing total strength up to around 800 by 

Attached to the center’s organization, 
but not line members of it, are the 



BRINGING OUTER SPACE “DOWN TO EARTH” 



(Or: Reliability revisited) 


Norm Froomkin (pronounce it as 
though there were only one “o”) tells 
a story that sticks in the mind. A 
short while ago, Norm, who heads 
up Test Facilities Engineering at 
Budd Electronics, was discussing 
with an Air Force General the vari- 
ous and sundry inputs required for 
reliability testing of spacecraft. The 
General suddenly stopped, looked at 
Norm, and said, “You know what 
we really need to build? An acre of 
the moon!" 

With due regard for the General’s 
inspired cogitation, we’re sure there 
are many others who long for a slice 
of lunar environment here on terra 
firma. What makes the idea so 
memorable is that it pretty well 
sums up the whole problem of get- 
ting our spacecraft . . . and our 
spacemen ... to their destinations 
with nothing less than 100% reli- 
ability. 

The problem basically is one of 
getting enough operational failure 
mode data.* (Is there ever enough?) 
Getting it from actual launchings is 
too costly and too slow . . . and, in 
the case of manned craft, unthink- 
able. Some of it we can get from 
single-force testing of materials and 
subsystems. But statistical extrapo- 
lation . . . from system elements 
under single forces to subsystems 
and complete vehicles in omniforce 
spatial environments ... is not going 
to assure us 100% package reliabil- 
ity. We may have a good idea of the 
type and magnitude of the space 
force envelope, but what about the 

/A 


complex interacting and intermodu- 
lating stresses it produces on space- 
craft? The solution ... it becomes 
clearer every day . . . has got to come 
down to total simulation of space 
environments. 

There’s nothing new about the 
idea of simulative force testing as a 
means of assuring performance relia- 
bility ... at least not here at Budd. 
It’s been a way of life with us for 
nearly 50 years, put into practice on 
our own products in our own testing 
facilities. To this experience, Budd 
Test Facilities Engineering adds a 
thorough familiarity with force en- 
vironments and their simulation . . . 
stress interactions and their analysis 
and test facility design, construc- 
tion and instrumentation. And that’s 
giving you the story at Mach 5. It’s 
actually conservative to say that 
every scientific and engineering dis- 
cipline has to come into play in 
building what we call a Dynamic 
Omniforce Testing Facility. 

We supply such facilities ... as 
well as those for more conventional 
testing ... on a turnkey basis, from 
force system analysis to final check- 
out. We also supply individual test 
modules for specific jobs, and con- 
sulting services on testing programs. 
If we’ve whetted your appetite, your 
letter or phone call will bring you 
more information or a provocative 
discussion of your needs. Test Facili- 
ties Engineering, Budd Electronics, 
43-22 Queens St., Long Island City 
1, New York. 
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SIMULATION 


i'V Motion • High Vacuum • Temperature • 
If— ' Radiation • Known conditions of space 

flight are faithfully reproduced through ex- 
perienced analysis, design, manufacture, and construction of 
aerospace simulator facilities. CompuDyne is one of very few 
companies qualified to assume complete responsibility at 
every stage. Depend on the capabilities of CompuDyne. 
CompuDyne Corporation, Hatboro, Pa. 


CompuDyne Corporation: computer-operated 
automatic control systems and related electronic, hydraulic, and mechan- 
ical instrumentation for the aerospace and industrial process fields. 


Field Projects Branch Office of God- 
dard Space Flight Center, Preflight 
Operations Division of Manned Space- 
craft Center, Jet Propulsion Laboratory 
field office and Launch Operations Divi- 
sion field office of Marshall. 

Goddard has 24 people stationed at 
the Cape under Robert H. Gray and 
their job is to prepare both launch vehi- 
cles and complex for the flight of an 
ambitious number of satellite programs. 
The Delta launch vehicle is bought 
directly from Douglas, the vehicle sys- 
tem manager, by Goddard. 

Goddard has 27 Deltas ordered, 10 
of which have been used already, for 
programs extending through Fiscal 
1963-Tiros, Tclstar, Big Shot, Relay, 
Svncom and several scientific satellites. 

’ First 12 Deltas have the 150,000 lb. 
thrust Rocketdync engine in the Thor 
stage; starting with Delta 13, the up- 
rated 165,000 lb. engine will be sub- 
stituted instead. Delta 15 will see the 
introduction of an improved second 
stage; designated AJ-10-118-A. it will 
be 36 in. longer than its predecessor 
and use inhibited red— instead of white 
—fuming nitric acid (IRFNA) as 
oxidant. Deltas 1 3 and 14 will be a 
mixture of new first stage and old sec- 
ond and third stages. 

Goddard's Field Projects Branch has 
been sharing Complex 17 with USAF's 
Space Systems Division. There are two 
stands at Complex 17, A and B, with 
Goddard using A for the first 10 Deltas 
and USAF using B for the Thor-Able- 
star booster and Transit, Anna, Courier 
and Composite payloads. Because of 
the heavy launch schedule facing it this 
year Goddard will be allowed to use 
17-B whenever it is needed and when- 
ever USAF can make it available-start- 
ing with Delta 11. Launch crews arc 
mostly Douglas personnel, with Field 
Projects Branch Chief Robert Gray di- 
recting the launch and a Grecnbelt man 
supervising the mission. 

When Goddard's Eccentric Geo- 
physical Observatory (EGO) and Orbit- 
ing Astronomical Observatory (OAO) 
come along. Field Projects will use 
Atlas-Agena vehicles instead of the 
Delta. There also are some vague plans 
to use Atlas-Centaur and possibly even 
Saturn for some scientific satellites. 

Jet Propulsion Laboratory has a small 
office here to check out their payloads 
and integrate them aboard Marshall- 
provided launch vehicles. At the time 
of a launch, JPL acts as the mission 
director with a launch center man— 
frequently Debus— serving as test di- 
rector and General Dynamics/ Astro- 
nautics and USAF personnel as test 
conductors. 

Houston's Preflight Operation Divi- 
sion, as the title implies, is responsible 
for preparation of man-rated booster 
and manned spacecraft before flight 
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POWER SYSTEMS BY TAPCO — Combining extensive energy-conversion experience with a high 
degree of interface-systems intelligence, Tapco insures that trade-off studies will yield the 
most practical power system in terms of specific weight, reliability and operational flexibility. 
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How to fuze a warhead 


Ford Instrument Company knows— and performance proves it. Field-tested fuzing systems developed by Ford have proven their 
reliability, accuracy, and superiority over other systems time and time again. Today. Ford fuzing, arming and safing devices can 
be found on several tactical ballistic missiles. Ford's compact, precise, simple fuzing systems have never known failure. Ford 
leads the field with 7 years experience in fuzing, and a total of 47 years creating other military computational devices. Put 
Ford's experience and talents to work for you. Write to General Sales Manager, Dept. 1520. at New York address, or contact the 
nearest Ford Instrument regional sales office. Fa ii^&TPLJ3¥§Ei$iT CO. 




Regional Sales Offices: Washington. D.C.-2121 Wisconsin Avenue. Washington 7. D.C.: Southeast - Holiday Office Center. 3322 S. Memorial 
Parkway. Huntsville, Alabama; Midwest -1310 Talbott Tower. Dayton 2, Ohio: West Coast -260 South Beverly Drive, Beverly Hills. California 



NASA Building Flexible Cape Facilities 


Cape Canaveral— Facilities being planned here for the Advanced Saturn, 
Rift and Nova vehicles reflect the National Aeronautics and Space Adminis- 
tration's intention to base the future exploration of space on a flexible and 
quick-response earth launch capability. 

Launch complexes for the Saturn C-5 and Nova are being designed as 
integral parts of the complete launch system and will make maximum use 
of the experience gained from design and construction of the first Saturn 
facilities— Complexes 34 and 37— for the C-l vehicle. 


Three Saturn launch complexes are 
now planned for the Atlantic Missile 
Range: 

• Complex 39, with four stands for the 
Saturn C-5 vehicle. 

• Complex 37, with two stands for the 
Block-2 model of Saturn C-l. 

• Complex 34, with one stand for the 
four Block-1 Saturn C-l vehicles. It 
will be converted for Block-2 Saturn 
C-ls. 

Nova launch facilities are still in a 
very fluid study phase and are depend- 
ent on final vehicle configuration and 
intended operational uses. 

NASA’s launch complexes presently 
planned or building at AMR include, 
from south to north: Gemini-Titan 2 
at Complex 19; Complex 34; Complex 
37. about 3,800 ft. north of 34; and 
Complex 39, about 20,000 ft. north of 
37. Nova sites are being investigated 
and probably will be several miles fur- 
ther north of Complex 39. USAF, 
which manages the Air Force Missile 
Test Center, presently plans to build 
three Titan 3 launch stands between 


Complexes 37 and 39. Little Joe 2, a 
solid-propellant booster to fly Apollo 
on suborbital trajectories, may be 
launched at the Cape or at White 
Sands, N. M. 

Nerve center of Complex 39 will be 
vertical assembly building, where the 
three stages of Saturn C-5, the Apollo 
spacecraft and its modules will be ver- 
tically assembled prior to movement 
out to a launch stand. The 400-450 ft. 
tall building presently is envisioned as 
a series of modularized high-bav areas 
which can be built in steps. It is likely 
that only four bays will be built at 
first. Two more bays, with higher ceil- 
ings than the first four, probably will 
be built later for growth versions of the 
C-5, such as an Advanced Saturn with 
a nuclear third stage. 

Four initial bays will be built in-line 
and each will open cither on a barge 
canal or road-depending on the type 
of transporter-launcher selected. Extra- 
high bays would be added to the end of 
the building facing the launch stands. 

At the far end of the building will 


be a launch control center, which will 
direct all activities in the complex area, 
and a low-bay area for barge-delivery 
of the S-1C, S-2 and S-4B stages. Stages 
arc to be delivered in a flight-readiness 
condition and, after an acceptance 
check and pre-assemblv preparation in 
the low-bay area, will be moved by 
overhead crane into a high bay for as- 
sembly with other stages. Design 
criteria of the vertical assembly build- 
ing arc expected to be completed by 
this fall and a competition held for an 
architectural and engineering contrac- 

At the base of each bay will be a 
transporter-launcher, a mobile platform 
upon which the Saturn C-5 will be 
assembled, moved to the launch area 
and fired. 

Each launch stand, upon which the 
transporter will rest, will have its own 
liquid oxygen and liquid hydrogen stor- 
age tanks. Studies now are being made 
of the best way to bring propellants 
from the central storage area to the 
launch area— barge, pipeline or railroad 

The stand will include a drv-launch 
flame deflector, but not a launch pedes- 
tal; this will be one of the two functions 
of the transporter-launcher. 

Three types of transporter-launchers 
are under consideration and are favored 
in this order: 

• Crawler. As studied for Launch 
Operations Center by the Bucyrus-Erie 
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...to survive in space: the moon and a Librascope computer 


Shown metaphoricallyfloating in circum- 
lunar space is the first computer specifi- 
cally designed to guide an exploratory 
instrument package to a soft landing on 
the moon. It is one of a line of Librascope 
computers designed to perform in space 
vehicles and missiles. The premium 
demand for minimum weight is met with 



a variety of general-purpose digital com- 
puters. These computers are designed 
with maximum simplicity, commen- 
surate with functional requirements and 
operate in their environment with high- 
est reliability and long life. In space as 
well as at sea and in the air, Librascope 
computers pace man's expanding mind. 


LIBRASCOPE DIVISION 

<3B> ©URDIIIS^ML 

[p[j3n©n@D©[ja 

808 Western Avenue, Glendale 1 , California 




Titan 2 for Gemini 


Provision of the Titan 2 booster for the two-man Gemini 
spacecraft will follow procedures similar to those used by Na- 
tional Aeronautics and Space Administration and Air Force for 
procurement of the Atlas vehicle in the Mercury program. 

USAF's Ballistic Systems Division will be funded by NASA's 
Maimed Spacecraft Center for fabrication, assembly and prepa- 
ration for flight of the Martin Titan 2 missile. Tankage will be 
built at Martin's Denver. Colo., factory but assembled at the 
Baltimore. Md., plant. USAF also will be responsible for erec- 
tion of Titan 2 on the launch stand, countdown, launch and 
powered flight of the vehicle, under NASA’s direction. 

Manned Spacecraft Center will assign a permanent plant rep- 
resentative to Martin-Baltimore to monitor assembly of Titan 2 
boosters and a representative, who will travel between Houston. 
Denver. Baltimore. Los Angeles and Cape Canaveral. He will 
keep the spacecraft center appraised of vehicle status and keep 
USAF. Aerospace Corp. and Martin current on NASA's think- 

Two weeks before scheduled delivery of a Titan 2 to the 
spacecraft center's Preflight Operations Division at the Cape, 
an engineer from the Cape division will travel to Baltimore, 
review the history of the particular vehicle to be delivered and 
stay with it until it actually flies. This engineer is expected 
to become thoroughly familiar with liis booster's individual 
characteristics. 

Ccmini program also will seek a continuation of two manage- 
ment groups established for Mercury: 

• Booster working group, convened by USAF's 6555th Test 
Wing at the Cape, will include major Titan contractors (Mar- 
tin, Aerojet-General. AC Spark Plug and IBM) and NASA 


representatives. This group primarily is concerned with booster 
and launch complex readiness. 

• Mission working group, convened by the spacecraft center at 
the Cape, will comprise Prcflight Operations personnel, Hous- 
ton project people. USAF representatives, both from BSD and 
Atlantic Missile Range, and a senior engineer from Martin and 
Aerospace. Meetings will be concerned with such matters as 
spacecraft-booster mating procedures, major test procedures, de- 
tailed scheduling of tasks and resolution of particular hardware 
problems, i.c., incompatibilities between Titan 2 and Gemini 
capsule or between ground support equipment and the complete 
vehicle. 

Only significant difference between handling of Titan 2 and 
Atlas at the Cape will be the formalization of Preflight Opera- 
tions Division's technical capability to monitor booster devel- 
opment. 

Under Mercury. USAF officially was completely responsible 
for all booster work and presented only the results of its work 
to NASA for approval. In reality, there was much informal 
crossbilk between USAF representatives and NASA engineers 
from different prcflight offices and proposed modifications to 
the launch system were discussed thoroughly before the proposal 
actually moved through USAF-NASA channels. 

For Ccmini. these preflight engineers will be formalized into 
functional groups so that Titan 2 development can be expe- 
dited. USAF still will be responsible for initiation of booster 
improvements and will continue to channel proposals up 
through BSD-headquarters to Manned Spacecraft Center head- 
quarters at Houston, but will have the benefit of NASA inputs 
at the working level. 


Co., the crawler was conceived as a two- 
part vehicle— an assembly and launch 
table mounted on a tracked-drive flat- 
bed locomotor. When the Apollo- 
Saturn was ready to roll to the launch 
stand, the crawler would raise several 
80-in.-dia hydraulic pistons to clear the 
launch pallet and then move out of the 
bay area onto a concrete road for the 
2-2.5 mi. trip at a speed of about 1 
mph. At the launch stand, the crawler 
would retract its supporting pistons and 
lower the launch table onto the stand. 
It then would drive out from beneath 
the pallet and return to the assembly 
building. Total weight of the crawler 
system, including the empty Saturn 
vehicle, is estimated at 8 million lb. 

• Barge. A series of canals would con- 
nect the vertical assembly building to 
the launch stands in this concept, and 
the Apollo-Saturn would be built on. 
moved by and launched from a barge 
approximately 1 80 ft. long. 1 30 ft. wide 
and 23 ft. deep. The completely-assem- 
bled vehicle would be moved through 
the canals to a launch stand, which 
would essentially be a lock. Once the 
barge was properly positioned, the 
lock would be closed, the water pumped 
out and the barge allowed to settle on 
the stand supports. Weight of this sys- 
tem. including the empty launch vehi- 
cle. is estimated at slightly more than 
S million lb. 


• Rail. This system would be similar 
to the crawler concept, but would use 
rails instead of a road. Weight is esti- 
mated to be around 10 million lb. 

NASA Operations Center personnel 
feel the rail technique has limited 
growth potential in addition to its 
greater weight. Barge plan causes some 
apprehension because of the very fluid 
nature on which the system must move. 
Crawler presently seems the most at- 
tractive approach because it offers a 
solid medium on which to move and the 
ability to remove the locomotor from 
the damaging effect of the Saturn's 
exhaust. 

Regardless of the system chosen, the 
center has decided that the transporter- 
launcher will contain three essential 
elements: 

• Digital computer system carried in 
the base of the transporter and used 
as the primary item of checkout equip- 
ment for the launch vehicle. This sys- 
tem will begin an automatic checkout 
of the vehicle, stage-by-stage, as each 
stage of the Saturn C-5 is brought into 
the bay and assembled. Once the trans- 
porter begins movement of the vehicle 
from the assembly building to the 
launch area, one of two launch control 
computers in the Launch Control Cen- 
ter will assume remote control of the 
vehicle and respond to data provided 
by the transporter’s computer system 


over a digital link. Transporter com- 
puter system will continue to monitor 
the vehicle through the countdown and 
—being hcat-protcctcd and shock- 
isolated— during the three-second hold- 
down after ignition of the five F-l en- 
gines. Computers in the transporter 
will be almost identical with those in 
Launch Control Center. 

• Umbilical tower, about 350 ft. tall, 
will be located about 40 ft. away from 
the vehicle on the transporter. Tower 
will contain an elevator for personnel 
and flexible swing anns to each stage 
and the spacecraft. Arms will hold per- 
sonnel cat-walks and lines for pro- 
pellant loading, electrical power, and 
gas lines for purging, heating and cool- 
ing. Hydrogen boil-off from the S-2 
and S-4B stages will be piped off the 
vehicles across these swing arms, car- 
ried down the tower and dumped away 
from the launch area. Inter-stage struc- 
tures will be big enough to allow main- 
tenance men to enter and work on 
stage systems, if necessary. Personnel 
platforms within interstage structures 
will be removed through access doors 
prior to final preparation of the vehicle 
for launch. 

• Support and hold-down anns will be 
built into the launch table. Present 
Launch Operations Center-Marshall 
thinking leans to four of each for Sa- 
turn C-5, with the support arms rc- 
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THE 7:02 FROM THE SEA OF SERENITY. 


It’s just a matter of time until the giant lunar basin known as 
the Sea of Serenity is the scene of bustling activity. Space 
crews will commute to permanent bases on the moon with 
mundane regularity. ■ ORBITAL RENDEZVOUS will play a large 
part in making such spectacular feats an everyday affair. Much 
of this broad concept for space activities was evaluated from 
the Vought Astronautics Division self-initiated, self-funded 
feasibility study known as MALLAR. The initiative and foresight 
of this plan has earned Vought its reputation as leader in the 
field of spacecraft rendezvous. ■ Vought Astronautics is also 
at work on orbital rendezvous, a hardshell astronaut restraint 
and protection system, the Dyna-Soar nose cap, fuel tanks for 
Saturn and is prime contractor for NASA's Scout rocket system. 
Write today for the story of Vought Astronautics Division's 
concept- to-countdown capabilities. 


fT—H r 1 CHANCE VOUGHT CORP. 


A DIVISION OF UN6-TEMCO-VOUQHT, INC. 


traded during the first 3 sec. of fir- 
ing. 

An ordnance tower will be located 
midway between the vertical assembly 
building and the launch areas and the 
transporter will stop there to allow the 
escape tower to be added to the Apollo 
spacecraft and all other pyrotechnic 
devices to be installed. 

Using the vertical assembly method, 
the center expects to cut the time spent 
by the launch vehicle on a stand wait- 
ing for flight from C-l’s present figure 
or two or three months to less than a 
week. Assembly time for the C-5 in 
the vertical facility also should be con- 
siderably less than assembly time for 
C-l on the pad because of the sheltered 
environment and extensive use of auto- 
mated checkout equipment. 

Vertical assembly building plus four 
launch stands will provide NASA with 
considerable flexibility in scheduling the 
manned lunar landing program. For the 
earth-orbit mode of rendezvous, for ex- 
ample, the orbital tanker could be set 
up on Stand 1 and two manned Apollo 
vehicles prepared on Stands 3 and 4, 
with Stand 2 held in reserve as a back- 
up stand for cither the tanker or a 
manned vehicle. Should any of the 
three prime vehicles be unable to pro- 
ceed with the mission, it could be rolled 
out of the launch area and a new vehicle 
brought in from the vertical assembly 
building. Distance between each stand 
is expected to be 8,000-11,000 ft. 

For lunar rendezvous, where only one 
C-5 vehicle would be required, launch- 
window restrictions would be eased 
markedly. One or two back-up vehicles 
could be prepared for possible replace- 
ment of the primary Apollo-Satum. 

Only limiting factor in the launch 
frequency rate of Complex 39 would 
be the tum-around time of range 
tracking and instrumentation. Theo- 
retically, two Saturn C-5s could be 
launched within minutes of each 
other. Actually, it would require sev- 
eral hours. 

Block-2 models of the Satum C-l 
will be flown from two fixed launch 
tables-A and B at Complex 37. A and 
B stands are separated by 1,200 ft. 
Only one vehicle will be on cither stand 
at a time to preclude the loss of two 
Satums if an explosive failure should 

Vehicles will be assembled by a rail- 
mounted service tower, which will be 
able to roll back and forth between 37A 
and 37B. Tower will have a swing-open 
coffin that can encase a complete Saturn 
C-l so that work may go on under any 
weather conditions. After erecting a 
launch vehicle on 37A (or B), "the 
tower will be rolled back to the other 
stand to minimize damage in the event 
of a failure at launch. 

The first facility built to launch a 
Satum vehicle. Complex 34 will fire 
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two more Block- 1 models of the C-l 
vehicle, SA-3 and SA-4 As SA-5, the 
first of the Block-2 vehicles, and SA-6 
fly from Complex 37, the older com- 
plex will be modified to take Block-2 
vehicles. 

Modifications to Complex 34 include 
the construction and installation of a 
liquid hydrogen ground storage tank for 
the 4S stage, an increased high-pressure 
gas capacity and construction of a 
240-ft. tall umbilical tower with swing 
arms for the first and second stages and 
the Apollo spacecraft. Launch pedestal 
also will be modified by the replacement 
of the four support arms used for the 
Block-1 C-l with eight arms used for 
Block-2 vehicles. Umbilical tower will 
be ready by the time SA-3 flies later this 
year and the hydrogen ground storage 
tanks will be begun soon. 

Conservative estimates of the launch 
rates are four per year for Complex 
34 and six per year for Complex 37. 
First flight of a Block-2 C-l from Com- 
plex 37 will occur early in 1963. 

Part of the 72,644 acres adjacent to 
the present Cape area to be acquired by 
NASA (AW Feb. 12, p. 31) will be 
used for an industrial area on the north- 
ern end of Merritt Island. A spacecraft 
preparation building is to be con- 
structed there by the Manned Spacecraft 
Center and another building by its side 
will be used by the Launch Operations 
and Marshall center and contractors. 
Both will be combined office and 
laboratory structures. The area also 
will include storage warehouses, a pyro- 
technic building, dispensary and cafe- 
teria. NASA expects to authorize Corps 
of Engineers to seek an architectural 
and engineering firm for design soon. 

Consideration is being given to the 
installation of some low-altitude track- 
ing facilities on Merritt Island, but plans 
are not yet definite. Sites would house 
infrared and scintillation counters for a 
precise track during the first several 
hundred feet of powered flight. 

NASA does not plan to build a liquid 
hydrogen plant at the Cape, believing 
it will be cheaper to buy bulk lots and 
have it trucked into storage areas. The 
liquid oxygen plant now at the Cape 
will be expanded significantly. 

NASA has acquired all the beach 
land for about 20 mi. north of the 
Cape’s present northern boundary. 
This will be used for Saturn C-5 and 
Nova sites and was considered first in 
priority for acquisition. NASA Admin- 
istrator James E. Webb recently an- 
nounced the agency’s intention to ac- 
quire another 14,800 acres beyond this 
20 mi. zone, since the construction of 
Titan 3 launch stands will demand a 
little more room on either side of the 
USAF facility and push Satum C-5 and 
Nova areas still farther north. The 
Cape reservation now will extend from 
Brevard to Volusia counties. 



BUSINESSMEN INTERESTED IN 

the NASA MANNED SPACECRAFT CENTER and other develop- 
ments in the Houston Bay-Channel Region will find a wealth of 
information in Texas National Bank's new land-use survey of the 
area. Prepared by Caudill, Rowlett, and Scott, architects, engineers 
and planners, this unique and comprehensive survey is intended as 
a valuable aid to site-selection and as general background for invest- 
ment on the booming Gulf Coast. To request your copy, simply 
complete the coupon below and return it now to Texas National 
Bank. Requests for additional, related information will also receive 
a prompt, confidential response. 



Texas 

National 


Bank 



■ BUSINESS DEVELOPMENT DEPARTMENT 
Texas National Bank 
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Fiat G 91 T 

ONE AIRCRAFT ONLY, THREE BASIC USES: TRAINING, 
OPERATIONAL TWO-SEATER, CLASS F 104 G PILOTS TRAINER. 

It is designed for the training of fighter pilots from the initial to the final stage and can 
perform all the tactical ground support missions planned for the FIAT G 91 LWT fighter 
from which it derives (configuration T/l and T/3). It can accommodate all the electronic 
equipment of the FIAT 104 G to adequately train pilots assigned to aircraft of this class 
(configuration T/4). It is possible to shift from one mission to another easily and quickly 
as the aircraft is structurally pre-arranged for the installation of the equipment for the dif- 
ferent configurations. 

FIAT-DIVISIONE AVIAZIONE - Corso G. Agnelli 200 - TURIN (Italy) 



MANNED SPACECRAFT CENTER engineer, wearing a spacesuit with a mockup environmental control unit on his bach, tests ease of 
movement within a wooden tube simulating the airlock in the Apollo capsule. These tests at the Manned Spacecraft Center are designed 
to provide data on optimum sizes of the control unit and the airlock. 


NASA Bioastronautics Role Still Unclear 


National Aeronautics and Space Administration and Department of De- 
fense so far have failed to reach agreement on the extent of bioastronautic 
support to be provided by the latter for civilian manned space flight pro- 
grams and the resultant impasse probably will go now to top Administration 
officials for resolution. 

There is no doubt that Defense’s bioastronautic capabilities are to be used 
in Gemini and Apollo. The question is— how? NASA would like to make 
maximum use of Defense facilities and personnel on a task-by-task basis. 
Although Defense presently is accepting task assignments from NASA, it 
claims that continuation will fragment the bioastronautic structure that has 
been built up over the years. 

Defense has been urging NASA to NASA’s position was most clearly 
assign package responsibility for bio- stated by Deputy Administrator Hugh 
astronautic support of manned space L. Dryden before the House Commit- 
flight to the military and to use total tee on Science and Astronautics: “Some 
USAF-Navy-Army resources and person- capabilities must be provided within 
’ ' ty— as if it were another NASA itself. It would be foolhardy for 


NASA divisi 
NASA has rejected this on the 
ground that NASA must have some o 
its own capability in this field, sincr 
bioastronautics is as essential an ele 
ment of mission success as spacecraft 01 
booster development. 


any organization to accept responsibil- 
ity for the manned exploration of space 
without the acquisition of some compe- 
tence in one of the main fields on 
which success depends. 

"It is not possible to delegate com- 
plete responsibility for an entire techni- 


cal field to some other group, although 
it is possible and desirable to delegate 
the largest part of the execution of the 
program to other agencies, including in- 
dustry, universities and other govern- 
ment agencies as appropriate.” 

Dryden also said: “I do not think the 
complete responsibility of bioastro- 
nautics can be assigned to the Depart- 
ment of Defense any more than any 
branch of any weapon system support 
could be or would be assigned by De- 
fense to some other agency.” 

Underlying this disagreement on 
spheres of managerial responsibility are 
two major factors— expansion of bioas- 
tronautic facilities and USAF’s manned 
space program. 

NASA has long contended that De- 
fense’s present facilities are not large 
enough to cope with the bioastronautic 
work that will be required for Gemini 
and Apollo and that considerable ex- 
pansion will be necessary. Defense has 
agreed that growth is required, but 
argues that it should be built 


141 


AVIATION WEEK ond SPACE TECHNOLOGY, July 2, 1962 



OTHER PDM SPACE PROJECTS Space Simulation Chamber, 32' * 54' OAH. ulti- 
mate 10-9 mm Hg— General Electric Company, Valley Forge ,Pa. Space Simulation Chamber, 
12' x 16' OAL, 10-7 mm Hg— Ling Temco Vought Corporation, Dallas, Texas. Under construc- 
tion are a 15' x 22' Chamber for North American Aviation, Los Angeles, Calif., two Space Environment Simulators each 33 W dia. 
x 58' high, for NASA's Goddard Space Flight Center, Greenbelt, Md., and NASA's Langley 58' dia. Centrifuge Chamber. 


PITTSBURGH-DES MOINES STEEL COMPANY 


CONSTRUCTION COMPLETED 


IN 15 MONTHS 


The nation’s most sophisticated space environ- 
ment facility, at Caltech’s JPL near Pasadena, 
California, required but 15 months from design 
to end of construction, under a 2-phase design/ 
construct contract. 

The JPL facility includes: 

• A Vacuum Chamber 27' dia x 53' high, providing 
a test area 25' x 25' with vacuum capabilities 1 x 
10- 6 mm Hg 

• Solar Housing above chamber, 27' dia x 33' high 

• Vacuum Pumping System including 10 diffusion 
pumps 

• Solar Simulation System and Optical Components 
including 25' dia parabolic mirror 

• Shroud System, liquid nitrogen cooled, with gaseous 
warm-up system 

• Facility Substation, 2500 kva 

• Complete Control Console 

• Facility Building, complete 

• Storage Vessel for liquid nitrogen, 28,000-gal. 
capacity 

Under subcontract to Consolidated Vacuum 
Corporation, Pittsburgh-Des Moines Steel Com- 
pany designed and constructed the high vacuum 
chamber and nitrogen storage unit, constructed 
the facility building, and installed, operated and 
tested all of the above equipment to achieve the 
complete facility. 

17-TON 0000 A significant example of Pitts- 
burgh-Des Moines’ engineering capabilities is the 
main access door to the high vacuum chamber. 
This door, weighing 17 tons, is the largest ever 
built for high vacuum service. It affords a clear 
opening to the chamber 15' wide x 25' high. 

Let us consult on your space testing facil- 
ity requirements. 


THIS COMPLETE FACILITY 

FOR NASA’s 
JET PROPULSION 
LABORATORY 




RA YTHEON will build 
APOLLO Guidance Computer 


NASA has selected Raytheon’s Missile and Space 
Division to produce the digital guidance computer 
for the APOLLO manned lunar exploration pro- 
gram. This computer, located in the spacecraft, 
will serve as the mission nerve center during the 
entire APOLLO flight. It will receive the outputs 
of each of the guidance system’s sensors. 

Data will be processed by the computer for 
automatic control of certain flight functions and 
for presentation to the crew to permit the 
optimum exercise of human intelligence during 
the mission. The computer will be used for all 
phases of the APOLLO mission. 

Under its NASA contract, Raytheon will pro- 
vide engineering support on the computer design 


to the M.I.T. Instrumentation Laboratory, which 
has design responsibility for the complete 
APOLLO guidance system. In addition, Raytheon 
will produce the computers which will be used 
on APOLLO flights. 

The selection of Raytheon for this key role in 
the APOLLO program is but one indication of 
Raytheon’s rapidly expanding space program and 
demonstrates that in the space age, as in the past, 
Raytheon means Excellence in Electronics. 

Engineers or scientists interested in a challeng- 
ing career in Raytheon’s space and missile pro- 
grams are invited to contact Mr. W. F. O’Melia, 
Raytheon Company, Missile and Space Division, 
Bedford, Massachusetts. 


RAYTHEON 


nround existing nuclei to save time and 
money. 

NASA is chary of providing Defense 
with funds to accomplish this, for 
fear that this would only strengthen 
USAF’s drive for complete manage- 
ment responsibility. 

On this matter. Dr. Dryden told 
the committee: “We have taken the 
position that some of these [expanded) 
facilities must be within NASA, that 
some probably will be at existing labo- 
ratories of the Department of Defense. 
And, in any case, we are firmly agreed 
that the existing facilities should be 
used to the fullest extent possible. Our 
only questions relate to the necessary 
expansion of this effort and to ques- 
tions of management. . . .” 

Defense, on the other hand, is hesi- 
tant to expand facilities without guar- 
antee that they will be used fully and 
efficiently. Promise of a series of tasks 
through the years is no such guarantee, 
Defense feels. 

USAF appears to have two primary 
manned space flight goals at present: 
The manned Saint vehicle (AW June 4, 
p. 34) and Project MOSS, for Manned 
Orbital Space Station. Both programs, 
if they win approval, will absorb De- 
fense’s bioastronautic capabilities to 
such an extent that the only support 
for NASA's programs would be on a 
task-by-task basis. But these programs 
are not yet firm and their impact has 
yet to be determined. 

Many bioastronautic observers, with- 
in both NASA and Defense, think it 
ironic that, while the top levels of the 
two agencies disagree, the laboratory 
levels of each organization often work 
together in harmony. 

NASA Bioastronautics 

NASA’s bioastronautic work today is 
divided among three separate offices: 

• Aerospace Medicine, under the direc- 
tion of Brig. Ccn. Charles H. Road- 
man, USAF officer on loan to the 
agency, in the Office of Manned Space 
Flight. 

• Biosciencc Programs, under Dr. Orr 
E. Reynolds, in the Office of Space 
Sciences. 

• Biorcsearch and Technology, to be 
located in the Office of Advanced Re- 
search and Technology. Director's posi- 
tion has been vacant since Alfred M. 
Mayo resigned from NASA late in May. 
Mayo had been appointed to organize 
the office. 

Manned Spacecraft Center at Hous- 
ton has two important bioastronautic 
groups: the Life Systems Division, un- 
der Lt. Col. Stanley C. White, USAF 
physician loaned to NASA, in the 
Directorate of Research and Develop- 
ment; and the Aerospace Medical Op- 
erations Office, under Lt. Col. Charles 
A. Bern,', another USAF medical officer 
detailed to NASA, in the Operations 
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A solenoid valve 
that operates at 
-423° F orlOOO’F 

Valcor's engineers originally 
designed this solenoid valve, of 
series 412, to operate completely 
submerged in liquid hydrogen 
( — 423’F). The unique application 
required a valve that would 
eliminate the use of any non- 
metallic parts coming in contact 
with the media, internal or ex- 
ternal. All materials had to be 
critically analyzed because of 
the destructive forces inherent 
in such extreme temperatures. 

The all welded construction, 
which Valcor has developed to a 
new state-of-the-art, helped resolve 
many of the problems. During the 
exhaustive series of tests, it was 
known that many of the problems 
in operating a solenoid valve 
under the extremes of low 
temperature had a correlation to 
problems created by high tem- 
peratures. The result — a one 
valve concept that witlr minor 
variations could be used for high 
or low temperatures... 

Another reason why Valcor 
precision engineered valves are 
chosen for so many aero-space 
vehicles. 


Write today for your copy of 
Valcor's catalog, "Valve Selections 
For Aero-Space Applications". 



VALCOR ENGINEERING CORP. 

5394 Carnegie Avenue • Kenilworth, New Jersey 
CH 5-1665 (Area Code 201) 


Directorate. Both groups report through 
Houston to Roadman’s office. 

Ames Research Center primarily sup- 
ports and executes the programs of the 
Bioresearch and Technology office. 

White House-appointed panel which 
reviewed the nation's bioastronautic 
capability last year was critical of the 
fact that there’ is no central office in 
NASA to coordinate all its life science 
efforts. Associate Administrator Robert 
C. Seamans, Jr., performs this function 
along with all the other responsibilities, 
but some feel a top-level man should 
be assigned to the task full-time. 

Gen. Roadman's office is responsible 
for all aerospace medical support of 
the Mercury, Gemini and Apollo pro- 
grams, and any future NASA manned 
space flight programs. There are two 
major components of this mission: 

• Research and development, test and 
evaluation of all life support systems— 
environment control, space suits and 
restraint, nutrition, respiration, waste 
removal and radiation protection— that 
go into a manned spacecraft. This work, 
as well as the determination of bio- 
logical criteria for future pilots and 
validation of pilot selections, is executed 
by Dr. White’s division at Houston. 

• Operational support of existing pro- 
grams, to be done by Dr. Berry's group, 
will include medical selection and care 
of pilots, preparation and insertion of 
pilots into spacecraft, world-wide medi- 
cal monitoring of pilots in flight medical 
aspects of recovery, and data reduction 
and analysis of biomedical data taken 
during a flight. 

Dr. White has about 100 personnel 
—nine of whom are physicians and more 
than 50 with engineering or medically- 
allied degrees— in four branches— bio- 
medical; technical services systems sup- 
port; crew equipment and human en- 
gineering. 

Biomedical branch is used primarily 
to develop criteria for various elements 
of space flight— pilot psychology and 
physiology, safe radiation dosage rates, 
amount and nature of radiation shield- 
ing, tolerable acceleration forces, gas 
pressures and compositions and nutri- 

This branch is doing considerable 
research into radiation hazards with 
the Atomic Energy Commission and 
USAF’s School of Aviation Medicine. 
Projects include an integrating do- 
simeter, which would show the total 
amount of radiation absorbed by a pilot 
during flight; eflects of ionized radia- 
tion on different structural materials 
and anti-radiation drugs. A particle ac- 
celerator will be used for the structural 
radiation tests. 

Crew equipment branch is concerned 
with spacecraft environmental control 
systems and escape, restraint and per- 
sonnel equipment. Much of this unit’s 
work is stimulated by requirements 


identified by the biomedical branch. 

The crew equipment branch is heav- 
ily engaged in development of space- 
suits for Gemini, Apollo and extra- 
vehicular missions. Gemini suit, being 
developed by B. F. Goodrich Co., will 
consist of three sections— torso, arms 
and legs. Arms, legs and helmet will 
be quick-disconnect units. Unlike Mer- 
cury, where the spacecraft was con- 
sidered the primary pressure vessel and 
the pilot’s suit a back-up, Gemini suits 
will be the prime pressure container. 
Cabin pressure will be dumped if one 
pilot leaves the craft in flight to test 
movement and working conditions in 
free space. 

For Apollo, present NASA thinking 
tends toward a coverall that would be 
worn inside the capsule during flight 
and an extra-vehicular garment that 
would replace the coverall before a 
pilot left the spacecraft. A back-pack 
would provide the pilot with oxygen, 
water and communications for explora- 
tion of the lunar surface. 

For Apollo, the crew equipment 
branch is planning a capsule atmo- 
sphere of 50% oxygen and 50% nitro- 
gen at approximately one-half atmo- 
spheric pressure. Studies of different gas 
compositions and pressures arc planned, 
as well as the effects on the human 
body of pure oxygen inhalation during 
high-g experience. 

Human Engineering 

Human engineering group takes the 
work of its sister branches and tries 
to determine if equipment has met the 
criteria successfully and whether all 
equipment lends itself to harmonious 
integration. Technical services branch 
is a pool of technicians assigned as 
needed to the other branches. 

One of the more important and im- 
mediate jobs facing Dr. Berry and his 
present group of five is the medical 
selection of 10 new pilots for the 
Gemini and Apollo programs. The 
dots are expected to be selected in 
eptember and Dr. Berry believes they 
generally will be younger by 5 to 10 
years than the Mercury pilots because 
of program lead times. There is a strong 
possibility that a physician or medical 
specialist may be included in this group. 
Consideration also is being given to 
the flight-training of an astrologer or 
geologist for far-future flights. 

Unlike Mercury, where pilots were 
tested first for basic biomedical data 
and trained later, these new pilots will 
undergo testing and training simultane- 

Dr. Berry’s Aerospace Medical Op- 
erations Office also will be responsible 
for the training of flight medical moni- 
tors, two of whom will be stationed 
at each tracking station and ship around 
the world during a flight. 

Dr. Berry’s office will have two 
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branches— an astronaut care and train- 
ing field element at Cape Canaveral 
and a future plans section at Houston. 
Cape field office, now headed by Capt. 
Howard Minncrs, USAF physician, will 
have at least three doctors as a sort 
of group practice for pilots undergoing 
training there. Field office also will 
check out life support systems of a 
spacecraft after delivery to the Cape 
and make tests of critical elements. 

In supervising these two operations, 
Gen. Roadman’s office attempts to 
make certain that not only arc all 
critical bioastronautic areas covered by 
White or Berry, but that they are 
covered in depth. 

To Gen. Roadman’s office also has 
fallen the assignment of coordination 
with Defense Department on a joint 
bioastronautic program that will sup- 
port Gemini, Apollo and Dvna-Soar. 
Defense suggested a list of 89 tasks 
applicable to all three programs. After 
a series of joint discussions, it reduced 
the list to 56 items. Defense will pur- 
sue these tasks using NASA funds. 

Only two items proved to be con- 
troversial. Defense wanted to fly some 
animals at higher orbital altitudes be- 
fore inserting men in the spacecraft, 
but NASA refused to participate. De- 
fense also proposed to fly some instru- 
mented satellites to determine the 
amount of spacecraft shielding required 
for radiation protection, but NASA 
insisted this data could be obtained 
on the ground, using a particle ac- 
celerator. Thirtv-onc tasks were dropped 
when NASA's plan for Fiscal 1965 re- 
scaled that the civilian agency intended 
to perform those jobs itself or contract 
them directly with industry. 

Although these 56 tasks have been 
agreed to at NASA-USAF working 
levels, lack of precise definition of 
managerial responsibilities— the core of 
the NASA-Defense conflict-is hold- 
ing up initiation of the work. 

Biorescarch and Technology Office, 
established within the last several 
months, is concerned not only with 
manned space flight but with man in a 
space environment, such as crew mem- 
bers in a permanent space station or 
at a lunar base. The office is not ori- 
ented toward any particular project, 
but tries to identity and develop future 
life support items. 

This fiscal year, Biorcsearch and 
Technology plans to spend about S20 
million through the Ames, Langley, 
Houston, Marshall and Edwards centers 
in these major areas: 

• Effects of space flight on the human 
organism. Acceleration, sensory depriva- 
tion, heat, noise, radiation, zero-g, 
nutrition and atmosphere will be stud- 
ied singly and in combination to de- 
termine man’s performance and how 
it can be improved. 

• Life support systems and the relation 


of such things as communications, dis- 
plays, food, drugs, etc., to man's per- 
formance capability and their alteration 
or modification to improve that capa- 
bility. 

• Manned systems integration, to an- 
swer such questions as how does man 
receive and assimilate information? 
How docs he use this data in the 
course of his flight to make his ma- 
chinery respond to his wishes? These 
studies will attempt to optimize de- 
sign of spacecraft systems from a pilot's 
point of view. 

• Applied physiology and behavioral 
psychology. 

Through these studies, Biorescarch 
and Technology will attempt to lay the 
groundwork for long-duration manned 
flight times of one to six months, con- 
sidering both the man and the man- 
machinc as entities. 

Search for extra-terrestrial life and 
basic research into the effects of space 
and planetary environments on living 
organisms are the two basic goals of 
the biosciencc office in the Office of 
Space Sciences. Bioscienees director is 
Dr. Orr E. Reynolds. The Biosciences 
office has four branches: 

• Exobiology, under Dr. Freeman II. 
Qtiimby, is concerned with the identi- 
fication of extra-terrestrial life forms, 
the study of the origin of earth-based 
life through biochemistry, the steriliza- 
tion of spacecraft, search for microbes 
in the upper atmosphere through bal- 
loon-borne experiments, infrared spec- 
troscopic investigation of Venus and 
Mars by a 36-in. telescope carried on- 
board a balloon and life detection de- 
vices to be flown onboard Mariner B 
and Voyager spacecraft in 1964 and 
1966, respectively. 

• Environmental biology, under Dr. 
Dale W. Jenkins, is interested in the 
effects of space environment on all liv- 
ing matter and types of earth life that 
could exist in other atmospheres. 

• Physical biology, under Dr. George 
J. Jacobs, is concerned with new con- 
cepts and devices in bio-instrumentation 
so that accurate measurements of such 
parameters as blood samples, hormone 
flows and urinalysis can be made 
directly and simply in space. It also is 
concerned with fundamentals of respira- 
tion. cardiovascular system and the 
central nervous system. 

• Behavioral biology, presently vacant, 
will study the reaction of organisms 
to different environments and the navi- 
gational, time-telling and communica- 
tive capabilities of various birds, mam- 
mals and insects leading to possible 
application to manned systems. 

Last year the biosciencc office issued 
about 50 study contracts, split about 
evenly between industry and universi- 
ties, with a worth of about 52. 5 million. 
Contracts and total dollar figure are 
expected to double this year. 
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GREW UP IN A 


Shattering rocket engine blasts, high and low temperature extremes, 
bright sunlight and dim shadows, fog, rain, snow, ice, salt spray, high 
altitudes . . . these made up the severe military and industrial environ- 
ments the rugged Dage RGS-10 television system had to overcome in 
gaining wide acceptance. 

After recent tests conducted by the Air Force and the Astronautics 
Division of General Dynamics, the Dage RGS-10 system was chosen for 
Atlas weapon system support for the following reasons: 

• Camera is certified to contain an internal explosion of 100/130 octane 
aviation gasoline. (Explosion proof per MIL E 5272B— Proc. 2) 

• Certified operation under noise levels of 150 db . . . permits direct, 
close range observation of rocket engine blasts. 

• Acceptable operation with line voltage fluctuations as high as ± 30% 
from normal. 

• Sync stability with power line frequency variations as high as ± 15% 
from normal 60 cps. 

• Excellent resolution and detail with 1000 ft. of interconnecting camera 
control cable. 

• Satisfactory operation in temperatures from — 30°F to 160°F. 

• Transistorized EIA sync generator with a proven field use history. 

• Insignificant radio frequency interference. 

• One-year warranty. 

There are now more than two hundred Dage RGS-10 systems being deliv- 
ered for use in activation and as support at every operational Atlas base 
across the nation. Here are a few other applications of Dage television 
systems: 

TOUGH NEIGHBORHOOD 


Other features of the Dage RGS-10 camera: 

• 700 lines Horizontal Resolution at 10 me Bandwidth 

• Complete EIA synchronization and scanning exceeds FCC require- 
ments for commercial telecasting 

• Multiple camera systems, common or individual EIA sync generators 

• Completely transistorized construction 

• 17-Watt power requirement 

• Incorporates all necessary set-up and operational adjustments 

• 4-lens turret, zoom lens, pan and tilt, and remote focus available 

The Dage Division of Thompson Ramo Wooldridge provides a complete 
range of cameras, controls, monitors and other equipment as well as 
systems engineering and field installation and maintenance service. If 
you would like to learn more about the Dage RGS-10 or other Dage 
television systems and development capabilities . . . 

Contact the nearest Dage-TRW regional office— Atlanta, Washington, 
D.C., Los Angeles or Salt Lake City, (or) 

Contact Dage Division Direct— Michigan City, Indiana, (or) 

Check the Yellow Pages for your nearby Dage distributor. 


Any or all 
Time Codes 



ASTRODATA can give you, in one standard in- 
strument at standard instrument prices, any pres- 
ently used time code format or up to 8 codes 
simultaneously. You can choose from more than 
30 standard options, all immediately available 
off-the-shelf. Only Astrodata can honestly make 
this offer. 

Astrodata’s complete line of solid state time code 
equipment is built to MIL requirements around 
modular plug-in circuit cards. Right now cards 
are on the shelf for all time code formats in use 
today, including IRIG Members A, B, C, and D; 
NASA 36-, 28- and 20-bit; Atlantic and Pacific 
Missile Ranges, Eglin, White Sands, etc. 

Using these standard modules, and combinations 
thereof, Astrodata supplies “custom” generators/ 
translators in the shortest possible time and for 
the lowest possible price. No costly engineering 
design is involved. 



Astrodata’s approach also avoids early obsoles- 
cense. The user can add and subtract modules 
with ease; instead of a complete new generator 
or translator, he orders new cards as he would 
spare parts. As new code formats are developed, 
Astrodata develops new plug-ins at once. 

We invite you to investigate, and will be happy 
to supply names of customers in your area. 
Example of Astrodata Time Code Equipment 



SERIES 6190 TIME CODE GENERATOR 


Available for generating all time code formats; stabil- 
ity, 1 part in 108 per day with internal frequency 
standard, also precise synchronizatiqp to external 
frequency standards; multiple, simultaneous serial 
time code outputs; 8 simultaneous pulse rate outputs. 
(1 me per second to 1 per minute); 3 optional inter- 
changeable plug-in power supplies (60 cps, 400 cps, 
28 v/dc); completely transistorized. 

2041-2042" 
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Ranger 3 hard-landing lunar spacecraft model at Jet Propulsion Laboratory. 

Space Sciences 
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Pattern of space capabilities: Thermal protection system for Project Apollo* Elec- 
trically propelled space vehicles for 24-hour communication satellites and other 
missions* Studies on neutralizing accidental re-entry of nuclear reactors* Struc- 
tures for the Air Force System 621 A* Advanced rocket nozzle and combustion 
chamber development. These, along with management-technical integration and 
outstanding research and development facilities, are indicative of Avco/RAD 
capabilities for complete space systems management. 


RESEARCH AND ADVANCED DEVELOPMENT DIVISION, WILMINGTON, MASS. 


Space Science Probes Secrets of Universe 


NASA work ranges from gathering of basic physical 


built, its complexity places it in what 
Dr. Newell calls the advanced satellite 


data to supporting research for manned exploration. 

Washington— Gathering of fundamental physical knowledge of the uni- 
verse and man’s relation to it continues to climb the steeply accelerating 
curve made possible by the first sounding rockets 17 years ago and the advent 
of artificial earth satellites in 1957. 

This direct measurement of the planetary and interplanetary environment 
is entering a new phase through the use of complex orbiting observatories and 
the first of the probes that will take relatively close looks at Venus and Mars. 


Space science is true basic research, 
embracing all the scientific disciplines 
and such elemental but exciting ques- 
tions as the origin of life and the origin 
of the universe. 

But its findings can be immediately 
and vitally applicable— discovery of the 
hostile radiation belts, prediction of 
solar flares that might prohibit manned 
flight to the moon or at the least re- 
quire heavy shielding that must be con- 
sidered early in the design and develop- 
ment of the spacecraft that will carry 

Scientific curiosity provided the im- 
petus for the space effort in the first 
place, and the National Aeronautics 
and Space Administration drew a key 
part of its operational program from 
the work of existing sounding rocket 
and satellite teams when it was formed 
late in 1958. 

NASA's space science activity is di- 
rected by Dr. Homer F.. Newell, a 
veteran of Navy rocket work and the 
first U.S. satellite program, begun for 
the International Geophysical Year. 
Status Raised 

In the major reorganization of NASA 
headquarters last November, set off by 
the addition of manned lunar landings 
to the NASA missions, the agency 
raised the status of space sciences to 
that of a major office equal to those 
for manned flight, applications, ad- 
vanced research and technology and 
tracking and data acquisition. 

Associate Director Robert C. Sea- 
mans. Jr., said NASA felt that in its 
first two years of organizing and oper- 
ating a rapidly expanding space pro- 
gram, it had concentrated too hard on 
technology and had not made the most 
of scientific potential. 

NASA's budget requests for the 
fiscal year that began Julv I included 
S556 million for the Office of Space 
Sciences, SI 50 million more than the 
Fiscal 1962 appropriation and more 
than double the cost of the Fiscal 1961 
science program. Most of the increase 
is for lunar and planetary probes that 
have reached or are nearing flight status 
and for the larger, more expensive ob- 
servatory-type satellites. 


The lunar and planetary program is 
to cost approximately S270 million this 
year and the scientific satellite pro- 
grams S175 million. Since the reor- 
ganization was partly an attempt to pull 
together all space science elements into 
one office. Dr. Newell's group has 
responsibility for sounding rockets and 
the Scout. Delta and the Centaur 
launch vehicles. It does not have cog- 
nizance over the USAF-developed Thor 
Agena and Atlas Agena, although it 
uses these vehicles. The budget re- 
quests included S95 million for the 
NASA vehicles, the bulk of which is 
for Centaur. 

Lunar, Planetary Work 

NASA's lunar and planetary work is 
carried out chiefly by the Jet Propul- 
sion Laboratory at Pasadena. Calif., and 
most of the scientific satellite work falls 
to the Goddard Space Flight Center at 
Greenbclt. Md. A number of sounding 
rocket shots and pros ing flights for sci- 
entific hardware that will later be flown 
in satellites are conducted at NASA’s 
Wallops Station, Wallops Island, Va. 

Tire space science office also oversees 
basic research performed for NASA by 
universities, industry and nonprofit 
firms and. since it is the focal point for 
the exploratorv end of NASA's business, 
has bv far the most contact with scien- 
tists from other countries who partici- 
pate in the space agency’s international 

Bioscience programs dealing with life 
in space other than that of man has 
been placed in the space sciences office, 
while Aerospace Medicine is under the 
Office of Manned Space Flight and bio- 
technology is a part of the Office of Ad- 
vanced Research and Technology. The 
sciences office also has cognizance over 
the recently renamed Pacific Launch 
Operations Office at the Pacific Missile 
Range, since most of the NASA launch- 
ings from there will be of scientific 
probes and satellites. 

Scientific space exploration passed a 
milestone with the recent launching of 
the first Orbiting Solar Observatory. 
Although this was a medium-sized satel- 
lite compared with the huge Orbiting 
Astronomical Observatory now being 


These observatories will serve as 
"streetcars" that can carry a large num- 
ber and great variety of experiments at 
one time. But perhaps more important, 
they will permit important astronomical 
observations from above the earth's at- 
mosphere. which Dr. Harry J. Goett, 
director of Goddard, has likened to "a 
translucent blindfold." 

Dr. Newell recently told Congress 
that development of the necessary in- 
strumentation and techniques for 
making observations in the ultraviolet 
portion of starlight, which is not visible 
from ground observatories, is “a major 
scientific objective of the present [as- 
tronomical] program." 

Because ultraviolet radiation is 
screened by the atmosphere and “the 
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LIGHT WEIGHT 


ALL WELDED 
CONSTRUCTION 


4, 6, OR 12 POLE 
DOUBLE THROW 


NEW EFFICIENT 
MAGNETIC CIRCUIT 


NOW... subminiature relays from Hartman 


This Type L is first of a new series of subminiature relays now in 
production. One-half crystal can, crystal can, and other sizes are 
now in design stage, and all are designed to the high standards 
of performance that have been associated with Hartman products 
for over 60 years. 

All welded construction completely eliminates solder and harm- 
ful contamination of solder flux, assembled under controlled atmos- 
phere for maximum reliability even under dry circuit operation, 
statically and dynamically balanced moving parts and highly effi- 
cient magnetic circuit provide exceptional resistance to vibration, 
shock and sustained acceleration. Competitively priced in spite 
of these added features, these relays are designed to meet or 
exceed specification requirements of MIL-R-25018, MIL-R-5757, 
and MIL-R-6106. 

A phone call or letter will bring you complete information. 


Hartman 

ELECTRICAL MFG. COMPANY 
175 N. DIAMOND ST., MANSFIELD, OHIO 


techniques involved are themselves on 
the forefront of science and technology, 
this program is one in which nearly any 
measurement is more likely to reveal the 
unexpected than the expected." Newell 

Almost the same could be said about 
any primary area of space science ex- 
ploration. NASA plans to launch 11 
scientific satellites. 5 scientific probes 
and S4 sounding rockets in this calen- 
dar year, and Dr. Newell has said in 
effect that it takes about one year to 
organize returned satellite data and 
many years to make real sense of it. 

Researchers still are digging back into 
rocket and satellite data gathered dur- 
ing the IGY in 1957-1958 as new data 
seem to affirm or contradict earlier find- 
ings. And Edgar M. Cortright. Newell's 
deputy, told Congress that six to eight 
large IBM 7090 computers are at work 
reducing information returned from 
satellites — a step that precedes and is 
much shorter than analysis of the data. 

NASA’s goal in the space science 
area is to achieve a one-year useful life- 
time for satellites, compared with weeks 
or months now, and eventually to keep 
several basic types of observatories in 
orbit at one time. The problems this 
will pose for the great number of ex- 
perimenters— in NASA, the universities 
and industry— who must interpret and 
try to understand the vast amount of 
information that will be gathered is 
illustrated well by Dr. Newell's sum- 
mary' of what satellites revealed in 1961. 

The important scientific discoveries 
that the 1961 findings reverse or modify 
were only as old as 1958 and some were 
as new as 1960— an extreme telescoping 
of the process of collecting, studying 
and understanding, even for the world 
of science. 

“. . . The more recent observations 
showed the intensity of the electrons in 
the outer [radiation) belt appeared to 
be a thousand-fold lower than earlier 
measurements indicated," Dr. Newell 
said. These observations also indicated 
that “about as many medium energy 
protons as the [magnetic] field can hold 
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were found in the outer belt, but the 
ultimate source of many of the protons 
appears to be solar protons coming in 
through the auroral regions . . . The 
earth's magnetic field appears com- 
pressed on the side toward the sun and 
blown out on the other side. 

"If the field is distorted in such 
fashion, the presumption is that a 
steady solar wind is the cause. On the 
other hand, there have been no firm 
observations of such a solar wind . . . 
Finally, although the existence of a ring 
current around the earth appears estab- 
lished. the various measurements dis- 
agree as to where this current is actually 
located. 

“The various observations and analy- 
ses of the past year have combined to 
indicate that the radiation hazard in 
the Van Allen belts may be appreciably 
less than had been thought earlier, while 
the hazard due to energetic solar proton 
streams may be considerably greater. 

"Considerable progress has been 
made in this area during 1961 but in 
large measure that progress has been 
a continuing revelation of the com- 
plexity of the problem and of the need 
for much more detailed observation such 
as can be obtained with a monitoring- 
tvpe satellite.” 

Although fundamental knowledge 
and basic understanding are the pri- 
mary goals of the space science pro- 
gram. practicalities have necessitated a 
reorientation of some programs— par- 
ticularly in the lunar area. Assignment 
of the Apollo manned lunar landing 
program has left the Ranger lunar 
spacecraft program relatively unaffected 
but has moved Surveyor experiments 
farther along the spectrum toward ap- 
plied research-reconnaissance of the 
lunar terrain in preparation for man's 
landing there instead of a general map- 
ping mission, for example. 

The lunar and planetary programs 
also have suffered from unexpected de- 
lays in the development of the pioneer- 
ing. hydrogen-fueled Centaur vehicle. 

Despite these problems, the space 
science program remains the spearhead 


AEROBEE nose cone with one Geophysics 
Corp. and three Goddard experiments is re- 
trieved by Sikorsky S-62 helicopter after 
launch from Wallops Island to test the 
Aerojet recovery system. 



of NASA's efforts. Its complexity is 
illustrated bv Newell's analogy of the 
difficulty of achieving a guiding ac- 
curacy of 0.1 sec. or arc for the Orbit- 
ing Astronomical Observatory— “about 
equivalent to the accuracy required to 
use a telescope located in Baltimore 
to pick out either the right or left 
eye of an individual in Washington 
(40 mi. away) for detailed study as to 
its color and brightness.” But its im- 
portance and its promise are in some 
ways even greater than that of the 
manned flight program, because it is 
the exploratory work that must precede 
man to the moon and to the planets. 
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JPL Selects Discipline-Type Organization 


NASA’s contract laboratory structured along systems 
lines; procurement policies differ from government. 

Pasadena, Calif.— Principal missions of the Jet Propulsion Laboratory- 
management and execution of unmanned U. S. lunar and planetary’ explora- 
tion programs— are carried out with an organization grouped into technical 
disciplines. 

JPL has selected a discipline type of organization, rather than a project- 
oriented one because it believes it can maximize its long-term contributions 
to the space effort by developing a wide range of technologies. 


These qualify it to conduct and direct 
space work from a total systems view- 
point, possibly with fewer people and 
spreading further than they otherwise 
might. 

JPL has eight technical divisions cor- 
responding to relevant space disciplines 
such as propulsion, guidance and con- 
trol and telecommunications— each re- 
sponsible for maintaining and advancing 
the laboratory’s competence in their 
respective areas. Every division con- 
ducts its own supporting research, ad- 
vanced development, field activity and 
contractual work. Seven are engineer- 
ing divisions; the eighth, the Physical 
Sciences Division, is devoted exclu- 
sively to research as insurance that all 
important fields are covered. 

Lunar, Planetary Programs 

Organizationally, the lunar and plane- 
tary program offices are set apart from 
the division but draw heavily on their 
talents. Division chiefs and program 
managers alike report directly to the 
laboratory director. Dr. W. H. Picker- 

^The discipline type of organization 
raises some managerial problems for 
program offices in that they do not have 
direct control over divisional activities. 
Program and project managers must 
exercise more diplomacy in encourag- 
ing cooperation of divisional people 
over whom they have no managerial 
responsibility. But this independence 
has resulted in good cooperation with 
division chiefs and better talent in the 
divisions and has pennitted a balance 
to be maintained among disciplines. 

JPL has a somewhat different relation 
to the National Aeronautics and Space 
Administration than NASA’s own cen- 
ters because it is a contractor. The 
laboratories, facilities and 146 acres on 
which they stand are owned by the 
government. California Institute of 
Technology, JPL’s parent organization, 
is under contract to NASA to conduct 
assigned scientific and technical mis- 
sions and to operate and maintain the 
facilities. 

A JPL board of directors, consisting 
of CalTech faculty members and its 


board of trustees, governs the iabora- 

The contract, originally written in 
1958 when NASA was formed and JPL 
was transferred from Army jurisdiction, 
has annual increments of funds. Each 
year the laboratory prepares a budget 
estimate of funds needed to conduct 
its efforts, submits it to NASA head- 
quarters which scrutinizes and adjusts 
it, and incorporates it into the over-all 
budget for submission to the Congress. 
Procurement Practices 

The laboratory’s contractual status is 
reflected partially in its procurement 
practices, which are not identical with 
government procedures but follow them 
in spirit and intent, according to V. C. 
Larsen, Jr., assistant director for busi- 
ness administration. 

JPL does not advertise its impending 
procurement, for example, as do gov- 
ernment agencies. It does, however, 
encourage competition for procure- 
ment, attempting to maintain equal ca- 
pabilities among bidders and showing 
no reluctance to give contracts to any- 
one invited to bid, Larsen says. Bidders’ 
lists are a composite of names submit- 
ted by procurement people and cogni- 
zant engineers. 

The procurement office will receive 
contractors unfamiliar with the labo- 
ratory and arrange for them to make 
technical presentations to the cognizant 
laboratories, if necessary. It also accepts 
unsolicited proposals and directs these 
to the appropriate laboratory or section. 
Each division is now capable of creating 
any type of contract with industry. 

In the past year approximately 75% 
of JPL’s total budget money was placed 
with industry, covering the spectrum 
from exotic studies to pencils. This will 
rise to 80% in Fiscal 1965. 

Industry Relationship 

Decision whether a spacecraft project 
or major part of it, such as its mission 
package, will be contracted with in- 
dustry is strongly influenced by the 
likely number or spacecraft to be used, 
which is in turn a reflection of the 
launch opportunities. Lunar launch op- 


portunities occur more frequently-each 
month— than planetary opportunities 
and make possible more shots in a given 

C reject over a period of time. It is these 
igh-density programs such as the Sur- 
veyor lunar spacecraft for which the 
laboratory will award a complete sys- 
tems management contract with in- 

A less dense planetary project, such 
as Mariner, with launch opportunities 
spaced at 19-month intervals for Venus 
and about 25 months for Mars, are 
kept in-house. Mariner is kept in-house 
for another reason— to permit the labo- 
ratory' to develop its skills in more 
difficult projects and remain in the 
forefront of space technology. 

Ranger lunar spacecraft is an excep- 
tion to the higli-density rule of thumb. 
Like Mariner, it was kept in-house— 
although mission packages, or payloads, 
for 7 of 9 shots arc handled by indus- 
try— to gain experience and develop 
technologies such as long-term attitude 
stabilization, long-distance communica- 
tions, mid-course maneuvers, command, 



Jet Propulsion Laboratory 
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supporting staffs making up schedules 
and program analyses, handling fiscal 
and administrative matters, program 
planning, advanced development ideas 
and, in the lunar office, manned flight 
liaison. 

Program offices have at least two 
projects-Ranger and 5 
lunar office and Marine 
Mariner (Centaur) and Voyager ir 
planetary office. 

Authority of the laboratory dire 
including allocation of and acci 
ability for funds, has been deleg 
to the program managers and. in the 
lunar program, to project managers— 
W. E. Giberson for Surveyor and 
James D. Burke for Ranger. 

For Surveyor, the project offii 
guidelines, objectives and spaceci 
quirements and has technical dii 
and contractual management < 
systems engineering contract witn 
Hughes Aircraft Co. Highly-qualified 
journeyman engineers are assigned to 
the Surveyor project office from the 
divisions, which receive technical as- 
signments from the project office but 
o their respective division chiefs. 


"Ec'lion 
nt ot the 


These engineers provide liaison among 
the divisions, project office and con- 
tractor, take special assignments and 


i benefit from the 


As with all JPL spacecraft programs, 
the Marshall Space Flight Center has 
responsibility' for the launch vehicle, 
coordinated with the project office. Also 
reporting to the project manager are 
responsible engineers within the divi- 
sions for JPL’s Space Flight Operations 
Center, Deep Space Instrumentation 
Facility and Spacecraft Systems Office. 
Surveyor contract is let from the project 
office. In the case of Ranger, for which 
iponsibility as well as total 
remains in-house. 


the mission package contractors— Aero- 
nutronic and Radio Corp. of America 





A short time ago, a 125-lb bear — destined for immortality in aviation 
annals— found himself hurtling through the stratosphere at 1060 mph 
after having been ejected inside a capsule from a B-58 bomber. Minutes 
later, he and the capsule had floated the nine miles to earth — pressurized, 
protected and intact — a convincing demonstration of the escape system’s 
efficiency. 

Although the shaggy "test pilot” will never know it, he owes much of 
the credit for his supersonic escape to emergency devices developed and 
manufactured at Hydro-Space Technology. 

Hydro-Space Technology has designed and manufactured a wide variety 
of cartridge-actuated devices for use in aircraft, missiles and under- 
water research. They include ballistic gas generators, thrusters, valves, 
cable cutters and other cartridge-actuated devices. We’ll be glad to 
describe them in full detail and answer any questions you may have. 
As a start, we suggest you write, on company letterhead, for a copy of 
our booklet, “Cartridge Actuated Devices & Oceanographic Equipment.” 


“Yogi Bear” Bailed Out 
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Unmanned Lunar Program to Aid Apollo 


Pasadena, Calif.— Unmanned lunar exploration program is being reoriented 
in both tangible and subtle ways to provide support for the nation's acceler- 
ated effort to place a man on the moon later in this decade. 

Simultaneously, as the pressure for specific knowledge about the moon, 
its environment and physical characteristics increases with progress in the 
Apollo program, the Jet Propulsion Laboratory, which manages the 
unmanned lunar program for National Aeronautics and Space Administra- 
tion, faces a vexing problem not of its own making— the frustrating delay 
in the development of one of its primary boost vehicles, the Centaur. 


Together, the need to compress the 
timetable for gathering lunar data and 
the erosion in the schedule of Centaur 
availability and capabilities are reshap- 
ing the course, but not the ultimate ob- 
jectives, of the unmanned lunar pro- 

Fortunately, the spacecraft design 
philosophy followed here permits some 
reorientation of programs and even 
juggling of launch vehicles. Each 
spacecraft project— Ranger, intended to 
rough-land an instrumented capsule 
on the moon’s surface; Surveyor, 
planned as a soft- or controlled-landing 
stationary lunar vehicle, and the 
Mariner series, intended for planetary 


flybys and having in later models the 
capability for ejecting a planetars’ entry 
capsule— consists of two separate iden- 
tifiable parts. 

Roughly, these are a "bus” or basic 
spacecraft structure and associated con- 
trol and communications equipment, 
and a “passenger," or mission pack- 
age. The demarcation varies from proj- 
ect to project, becoming physically less 
separable in a complex, tightly integ- 
rated spacecraft such as Survevor (AW 
Feb. 20, 1961, p. 70). 

The bus-passenger approach pennits 
a passenger to be substituted with less 
lead time than would be required to re- 
place the whole spacecraft. This gives 


both lunar and planetary programs a 
flexibility which to date has absorbed 
much of the effect of the accelerated 
need for lunar data and disappointing 
delays with launch vehicles. Both Sur- 
veyor and Mariner are scheduled to use 
the Centaur. 

Influence on Programs 

Specific examples of how these two 
factors combine to influence the lunar 
program are: 

• Lunar orbiter— Lunar orbiter series, 
using the basic Surveyor bus and called 
Surveyor B, is receiving more detailed 
attention. When the paramount objec- 
tive of the unmanned lunar program 
was science for science’s sake, the orbiter 
was envisaged as a polar satellite which 
would map the front and back sides of 
the moon, concentrating more on the 
hidden side. Now the concept is recast- 
ing the primary function to one of ob- 
serving the lunar terrain in regions of 
possible interest to the Apollo lunar 
landing program. 

This puts the emphasis on the re- 
gion of ±10 deg. lunar latitude and at 


particular longitudes on the facing side 
of the moon. The orbiter no longer is 
necessarily a polar orbiter and its map- 
ping function drops to secondary im- 
portance. 

The passenger for the bus will con- 
sist principally of an optical-camera sub- 
system, called Visual Instrumentation 
Subsystem (VISS). JPL was to ask for 
industry proposals recently for a study 
leading into development of VISS. The 
VISS contractor probably will have a 
similar relation to the Surveyor project 
that Aeronutronic Division of Ford or 
Radio Corp. of America has to the 
Ranger project. Funds for five Surveyor 
B spacecraft were included in the Fiscal 
196? budget request. 

For the orbiter, the Surveyor bus will 
be the spaceframe without landing gear, 
with half of the spacecraft propulsion 
required for the soft lander and the 
same attitude control and communica- 
tions systems. With a common space- 
craft, the interface with the launch ve- 
hicle will be the same, making possible 
flexibility in selecting a B or an A (soft- 
lander) shot, once both series have be- 
gun and launch vehicles are up to full 
anticipated capability. 

Since the spacecraft propulsion for 
an orbiter will be approximately half 


that needed for a soft-lander, JPL may 
want to trim the weight of VISS suf- 
ficiently to offset the reduced thrust 
capability and overweight condition ex- 
pected in early Centaur vehicles. 

• Additional Rangers— Four additional 
Ranger vehicles were added to the 
project (AW Sept. 4, p. 28) to obtain 
higher resolution television pictures of 
lunar impact areas than is possible with 
Rangers 3 through 5— maximum optical 
resolution on the order of 1 meter, com- 
pared with 3 to 4 meters. In the later 
Rangers, mission packages will contain 
four vidicon TV cameras, synchron- 
ized to take overlapping frames, mak- 
ing possible stereo reconstruction of 
particular areas of interest leading up to 
impact. 

A fifth, wide-angle camera keeps the 
pictures of the other four narrow-angle 
cameras in its view and a sixth camera 
looks off at 30 deg. angles, giving ref- 
erence to the landing point. This mis- 
sion package— cameras, their electronics, 
power supply and regulator, telemetry, 
sequencer, etc., made by RCA’s Astro 
Electronics Division— replaces the mis- 
sion package of Rangers 3 through 5, 
which is an instrumented capsule and 
retrorocket system. The later pictures 
may give a clearer view of impacted 


areas of the moon next year, possibly 
contributing significantly to knowledge 
of physical nature or surface texture. 

• Prospector— Probable requirement for 
a large vehicle, carrying a small lunar 
rover or sample return system as alter- 
nate passengers, and originally intended 
for boost by a Saturn C-l with an ad- 
ditional upper stage, must now be co- 
ordinated with the manned Apollo pro- 
gram. The kind and size of roving ve- 
hicle, whether one is needed for the 
manned program as a logistics vehicle 
and whether the needs of the two pro- 
grams can be mated arc under study. 
Surveyor A Slippage 

Meanwhile, the Centaur situation has 
caused a slip in the first Surveyor A 
launching from the summer of next year 
to later in the fall, and more slippage 
may be on horizon, according to Clif- 
ford Cummings, lunar program director. 
Launch capability of initial Centaur 
boosters, on which Surveyor spacecraft 
may have to ride, arc not expected to 
be up to expectation, making the slight 
weight margin between the injected 
spacecraft weight and the calculated 
Centaur injection weight capability for 
the soft landing shot appear dubious. 

The slippage gives JPL and the Sur- 
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XCDApLCAip/ A NEW N/D BALL-BEARING SERIES | 

/Or riUL OnVLIW cutsinnerspaceneeds...reducesweightof miniaturemechanisms ■ 


Designers can now further reduce the bulk and weight of miniature mechanisms 
. . . thanks to the N/D Space-Saver ball bearing series! This new torque-tube 
ball bearing line from New Departure is particularly well suited to mechanisms 
having many shafts clustered in close proximity. It can, also, help solve con- 
centric shaft problems in limited inner space. 

Space-Saver ball bearings are of a unique design, having an extremely thin 
bearing section, narrow width, small O.D. and a relatively large bore. Each of 
the four available sizes is wide with a O.D. to bore cross section. They 
are manufactured to precision tolerances in N/D's miniature and instrument 
bearing facilities and assembled in controlled environment white rooms. 

If you're looking for important space and weight savings, phone the N/D 
Sales Engineer in your area. His varied experience in miniature and instrument 
bearing applications can help you. Or contact New Departure, 

Division of General Motors Corporation, Bristol, Connecticut. M 




BALL BEARINGS • PROVED RELIABILITY YOU CAN BUILD AROUND 


veyor systems contractor, Hughes Air- 
craft, time for more extensive testing 
of prototypes of the spacecraft, which 
continues close to schedule. 

JPL examined carefully the possibil- 
ity of achieving a soft lunar landing 
with alternate launch vehicles, conclud- 
ing that soft lunar landing with an At- 
las-Agena B was technologically feasible 
but impractical. Injected weight of the 
lunar spacecraft would be only 750 lb., 
most of this weight consumed by space- 
craft propulsion. 

Additional Rangers 

More Rangers may be added to max- 
imize the lunar data that can be gath- 
ered during any enforced hiatus between 
the current Ranger series and full-scale 
Surveyor launches. Both Aeronutronic 
and other finns have suggested addi- 
tional experiments, employing the cm- 
brvonic-like Ranger hard-landed capsule 
and retrosvstem or substituting new 
passengers on the Ranger bus. 

Original objectives of the unmanned 
lunar program in order of importance 

• Better understand the origin of the 
moon and the solar system. 

• Obtain scientific data and technol- 
ogical information for further lunar ex- 
ploration. 

• Provide a maximum of information to 
the manned space flight program. 

Wien these objectives were formu- 
lated, manned lunar exploration ap- 
peared 10 years off. As the Apollo pro- 
gram emerged to quicken the pace, 
however, the order of importance of 


the unmanned program’s objectives be- 
came reversed. 

This has caused a reorientation in 
the way projects— particularly Surveyor 
-are viewed, but not changes in the 
soft-landed vehicle itself. The new em- 
phasis probably will reshape the se- 
quence in which the many instruments 
being developed for the program (AW 
July 3, 1961, p. 62) will be flown, 
giving priority to those whose measure- 
ments may basically influence Apollo 
design. Tfiis means greater stress on 
measurements of physical properties and 
pictures of the terrain, less on chemical 
and mineralogical analyses. 

Particularly, JPL hopes to leam about 
lunar surface characteristics-surface 
bearing strength, lunar radiation envir- 
onment and answers to questions such 
as whether there are boulders, cracks or 
crevices, what happens to lunar dust 
and whether our ideas of lunar temper- 
ature and surface features are correct. 

Four television cameras on the Sur- 
veyor should give a good idea of surface 
features and texture in the vicinity of 
the landing spot. 

A set of experiments, being developed 
by Texaco Experiment, stacked on a 21- 
iii. probe and inserted into a hole dug 
by the Surveyor's drill, with a partly 
duplicating set on the surface, may be 
of particular value. These experiments 
arc to measure density, hardness, tem- 
perature. thermal diffusivity, penetrabil- 
ity, magnetic susceptibility, relative 
susceptibility, electrical resistivity and 
speed of propagation. If the drill fails 
to penetrate the lunar crust, the par- 


Positioning with 
5 second accuracy! 

(2 second accuracies available 
in ROTAB sizes from 12" to 48") 

Rotary table positioning with 5 
second accuracy? Amazing! And 
when you recall that there are 
1 ,296,000 seconds in any circle, 

5 second accuracy is indeed 
amazing, but true . . . with 
ROTAB tiltable rotary tables. 
For by incorporating optical 
measuring systems into ROTAB 
design, full 360° radial posi- 
tioning, 90° angular settings are 
easily achieved with this fine de- 
gree of precision . . . and repeat 
settings within one second of 
arc are standard procedure! 
Microscopic accuracy is just one 
unique ROTAB feature. In ad- 
dition, motor powered rotating 
and tilting, easy-to-use portable 
controls, horizontal loading 
vastly improve efficiency ... to 
a point, in fact, where 50% sav- 
ings in set-up time alone are not 
unusual. You can use ROTAB, 
moreover, for inspection and 
quality control operations or for 
tool room machining. In a nut- 
shell, ROTAB gives you pre- 
cision positioning, cost-cutting 
efficiency and a wide range of 
application versatility. Ask about 
ROTAB today! 

FREE I Catalog containing detailed 
information on complete ROTAB 
line, from 12" to 84" faceplate 
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PARTS OR PACKAGES 


UAP offers unique skills to design, develop and 
manufacture any component or complete, sophisti- 
cated fluid control systems for space vehicles, mis- 
siles, aircraft and ground support equipment. Vir- 
tually all components for fluid motion and control 
— pumps, heat exchangers, packaged electronic 
controls, valves, strainers, reservoirs, pressure ves- 
sels and seals are manufactured by UAP! 

Complete fluid systems, designed with matched 
components all made by UAP, provide ultimate 
component compatibility, maximum system relia- 


bility, space and weight savings, simplified check- 
out, and single supplier responsibility. For more 
details, write, or phone 224-3841 today. UAP means 
United Aircraft Products. Since 1929, a dynamic, 
independent company in Dayton, Ohio. A name to 
remember when it comes to fluid motion and control. 
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Lunar Spacecraft Costs 

NASA estimates that its Ranger rough- 

S7.5 million each. Soft-landed Surveyor 
vehicles mav cost between S10 and SIS 
million each. Including launch vehicle 
and related costs raises these figures ap- 
preciably— in the Surveyor case to bevond 
S25 million per launch. 

Seven projected Surveyor A soft-landed 
vehicle experiments are expected to cost 
between $180 and S200 million, accord- 
ing to an estimate made by Edgar Cort- 
riglit, deputy director of NASA’s Office 
of Space Sciences, before Congress. 

Five Surveyor B shots-lnnar orbiters 
using a modified Surveyor spacecraft— 
will cost about $132 million, including 
the costs of spacecraft development, 

support, Cortright estimated. 


tially duplicate set of instruments offers 
a fallback set of readings. Should both 
sets operate and return data successfully, 
a comparison of surface and subsurface 
measurements will be possible. 

The shift of interest to support the 
manned lunar effort is nowhere more 
apparent than in the area of field and 
particle measurements in both the Sur- 
veyor and Mariner projects. The inter- 
planetary medium presents hazards to 
man, and proton energies between 30 
million electron volts (mev) and 300 
mev are the ones of particular poten- 
tial hazard and of particular concern in 
support of the Apollo efforts. The en- 
ergy regions above and below this range, 
hoyvever, are of more interest to science. 
Low energy measurements provide in- 
formation about solar phenomena, solar 
flares and possible existence and prop- 
erties of a solar wind, while the higher 
energy levels might yield a better un- 
derstanding of cosmic rays. Accumu- 
lated radiation intensities also assume 

I PL also is looking more closely at 
extending the portions of the moon that 
its spacecraft will view toward regions 
more likely to be of interest in Apollo. 
The western half of the moon generally 
is the target area for non-return shots 
because of lower energy requirements. 
For return missions, the requirements 
arc less leaving from the eastern por- 
tion of the moon. Interest of the un- 
manned program is shifting eastward, 
with Rangers 6 through 9 intended to 
impact more easterly, toward the cen- 
ter of the disk. 

Lunar orbiters may eventually serve 
a number of functions beyond the gath- 
ering of photographic data— with resolu- 
tion perhaps from 100 to 1 meter— to 
aid in landing site selection. These 
would include conducting radiation and 
other physical experiments, determin- 
ing lunar gravity and mass distribution. 



ALL FOUR IRIG FORMATS 
ON ONE COMPACT CHASSIS 
WITH EEC0 811 
TIME CODE GENERATOR 



An all solid state, card construction, precision “metronome" for the 
most demanding range or laboratory instrumentation. Supplies all four 
serial IRIG time-code formats with an accuracy of better than 1 second 
a month. Frequency stability is 1 x 10'" per day at laboratory tempera- 
tures; 3 x 10'" per day throughout entire operating range of — 20”C to 
+55°C. Parallel code output. 10 pps and 1 pps synchronizing pulses. 
Synchronizing pulse for controlling external control element scanner. 

Both digital and resolver time shift for fast, accurate synchronization 
with WWV or other time standard. Operates on 1 15v ac ± 10%, 50-400 
cps, I amp, with power supply on same chassis. 

Specify small (7* x 19' x 17'), light (32 pounds) EECO 811 Time 
Code Generator as the heart of your instrumentation and be assured 
of accurate time correlation. Investigate EECO’s new reduced prices 
on various models of timing equipment. 

Electronic Engineering Company ol California 

1601 E. Chestnut Avenue, Santa Ana, California • Kimberly 7-5501. P. 0. Box 58 
ft 1-S«« Representative In Western Europe and Israel: Electronic Engineering S.A., C.P. M2, Fribourg, Switzerland 
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Imaginative Engineering For The Space Era. 


CANNON 
RF , COAXIAL 
I PLUGS FOR 
£ SPACE AGE 
APPLICATIONS 


SUBMINIATURE TO SUPERSIZE...CANNON CAN 
SOLVE YOUR COAXIAL CONNECTOR PROBLEMS. 

Cannon RF Coaxial Plugs— both subminiature and standard — 
meet the exacting demands of space age environments. Our 
newest line of subminiature RF plugs, the "Crimp-Imp"*, 
incorporates crimp assembly techniques for both the cable 
center conductor and the cable braid. These impedance- 
matched connectors have a VSWR not greater than 1.08:1 
up to 2.0 KMC, a new level of achievement in subminiature 
RF connectors... also employ Cannon Micropin® and Micro- 
socket® contacts. For use with large RF cable, our lightweight 


ALLT Series provides specially designed environmental plugs 
for continuous operation at 1000 watts CW over the range of 
0.03-5.0 KMC from sea level to 70,000feet altitude. An assembly 
of two ALLT plugs on 50 inches of cable exhibit a VSWR not 
greater than 1 .2:1 overthis same range. The Crimp-Imp and the 
ALLT are but two typical examples of Cannon's capabilities 
to design and produce RF connectors meeting the most de- 
manding requirements of size and electrical characteristics. 
For information write to: 


CRIMP-IMP VSWR CURVE 

s , ni tWU-4^ 

CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif. 


^CANNOH 

PLUGS 
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Venus First Target in Planetary Series 


JPL pushes Mariner 1 for basic scientific exploration; 
second-generation payloads to eject landing capsules. 

Pasadena, Calif.— Jet Propulsion Laboratory’s planetary and interplanetary 
program lias generally escaped the reorientation required in its lunar program 
by a change in national goals, but the failure of the Centaur launch vehicle 
to be ready on time has cast its shadow over the timetable for exploring the 
planets. 

Two attempts to launch spacecraft into Venus fly-by trajectories, sched- 
uled for this summer, were scaled down and shifted to the lower thrust 
Atlas Agcna B vehicle because of Centaur development delays (AW Oct. 2, 
p. 26), and two more lightweight Mariner spacecraft may have to be substi- 
tuted into the program at one of the next planetary opportunities two years 

Hints about the planet’s atmospheric 
constituents may be inferred from radio- 
metric readings of carbon dioxide and 
water vapor lines. 

Mars and Venus arc of immediate in- 
terest in the Mariner project because of 
their relative proximity to earth. The 
changing, perhaps seasonal nature of the 
Martian surface and infrared emissions, 
apparent in these wavelengths, are char- 
acteristic of sublife forms such as lichen 
on earth, and raise the possibility that 
life may exist there. 

Conflicting Theories 
Venus, shrouded by a heavy cloud 
greater mystery which has 


The flexibility of JPL’s bus-and-pas- 
senger approach to spacecraft construc- 
tion (see p. 1 56) permitted the use of 
a basic Ranger bus for construction, 
with about one year’s lead time, of the 
special planetary payloads Mariner 1 
and 2 (previously called Mariner R) 
as substitutes for the heavier Mariner A 
Venus fly-by spacecraft. 

Since a Venus opportunity— the brief 
period when the earth and Venus will 
be approaching their closest proximity 
so a spacecraft launched from earth 
could encounter the planet by traveling 
a minimum distance— occurs only at 19- 
month intervals, NASA and JPL were 
reluctant to miss the opportunity this 
summer. 


independent radiometric, spectroscopic 
and other measurements now agree that 
it is? 

One theory suggests that the clouds 
are creating a "greenhouse" effect. An- 
other says the high temperature is due 
to frictional heating caused by strong 
Aeolian winds presumed to be sweep- 
ing the planet's surface. Still another 
contention, contradicted by radar data, 
is that the absence of a strong magnetic 
field permits sufficient electron density 
so that the high temperatures are actu- 
ally ionospheric, not surface tempera- 
tures. Why the surface is so hot, if it is, 
may be deduced from measurements of 
the planet's temperature distribution, 
which the first Mariner shots may start 

The planetary program faces a num- 
ber of problems including the fewer 
1 propulsion energy shots at the 
ailable, compared 


planets that ; 


provoked many conflicting theories and 


Using the basic hexagonal-shaped conjectures. Why, for example, is the 


Ranger bus with extensive modifications 
to increase spacecraft propulsion, alter 
communications and add scientific in- 
struments, JPL engineered a hybrid 
craft using many of the ideas and equip- 
ment from the discarded Mariner A. 
The change more than halved the 1,100- 
lb. anticipated injected weight of Ma- 
riner A (AW Feb. 5, p. 57). 
Lightweight Instrument Pack 

The lightweight Mariners are to be 
equipped with 40 to 50 lb. of instru- 
ments, including microwave and infra- 
red radiometers, to obtain temperature 
measurements through the planet’s at- 
mosphere, thereby obtaining a tempera- 
ture distribution; a magnetometer for 
measuring the strength of interplane- 
tary and Venusian magnetic fields; 
plasma probes for gaging interplanetary 
plasma levels; an ionization chamber 
and Geiger counter package for measur- 
ing protons and electrons; and cosmic 
dust detectors. 

The planet’s rotation rate and in- 
clination of its spin axis, critically im- 
portant parameters in planning for 
possible Venusian entry capsules to be 
ejected from follow-on Mariner B and 
Voyager spacecraft, may be derived 
from the microwave measurements. 


Venusian temperature 


greater than a long-range ballistic mis- 

Yet eventual unmanned landings on 
the planets are essential to further 
planetary exploration, according to R. J. 
Parks, planetary program director. 

The next round of planetary- probes, 
using Mariner B spacecraft, will have 
this planetary landing capability. The 
spacecraft itself will be intended to fly 
past Mars and Venus but will be able 



RELATIVE positions of earth, Venus and Mars are shown for 1962 transfer ellipses. 
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KINNEY THE WORLD'S 
LARGEST MANUFACTURER 
OF HIGH VACUUM EQUIPMENT 


TRIPLEX HIGH VACUUM PUMP . . . KT-300 

Compact design reduces floor space to minimum. New and 
original balancing technique makes the pump vibrationless. 
Theoretical displacement of 300 cfm at 880 rpm; ultimate 
pressure of 10 microns. Components located for easy servic- 
ing. Ample oil supply increases operating period beiween 
changes. Kinneyswirl air-oil separator separates oil from gases 
for cleaner exhaust. Gas ballast feature prevents condensable 
vapors from contaminating the oil. Maximum efficiency with a 
minimum of care and maintenance through skillful design and 
precision craftsmanship. A proven pumping mechanism in- 
corporated in a new configuration. 



KINNEY VACUUM 


DIVISION THE NEW YORK AIR BRAKE COMPANY 
3529 WASHINGTON STREET • BOSTON 30, MASS. 
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to eject a small capsule into the plane- 
tary atmospheres. 

The basic Mariner B bus will be 
hexagonal in shape, with a single struc- 
ture folding out from each of its six 
sides. The foldouts are four solar panels, 
a high-gain antenna and a planetary 
horizon platform - PHP — containing 
planetary -oriented instruments such as 
a horizon scanner, infrared spectrometer 
and TV camera. A single capsule will 
fly as a passenger. 

One interesting aspect of Mariner 
B is that it is designed with dual 
planet capability— Mars and Venus- 
even though there are factors which 
might make an optimized Mars vehicle 
different from an optimized Venus ve- 
hicle. For example, the solar constant 
at Venus is about five times that at 
Mars. Grossly, this means that an 
equivalent area solar panel will convert 
twice the energy at Venus that it would 
at earth; only about 40% at Mars. 
Communication distances from Mars 
to earth are greater than from Venus 
to earth at closest proximity, requiring 
more spacecraft communications power, 
tightening of bandwidth or greater sen- 
sitivity at the receiving site, or a combi- 
nation of these. Tire hexagonal design 
minimizes the effect of the difference 
in solar constant. 

The Mariner B bus consists of the 
basic hexagonal structure, guidance and 
control system, communications, telem- 
etry, power system solar panels and 
batteries, high gain and omni-direc- 
tional antennas and the PHP. 

Two capsule types are under study. 
One would be released early on plane- 
tary fly-by without an additional veloc- 
ity increment, while the other would 
contain a small rocket motor to impart 
additional velocity to the capsule. 
Capsule Landing Problems 

Many problems are associated with 
successfully landing a capsule on either 
Mars or Venus. Some are caused by 
the lack of knowledge about the planets 
and their atmospheres. Mars entry- is 
expected to be easier because its at- 
mospheric structure is simpler, permit- 
ting the entry vehicle to be decelerated 
less abruptly. The Venus atmosphere 
is thick and estimates of its character, 
particularly the carbon dioxide content, 
are undergoing changes. High approach 
velocities and questions about blunt 
body heat transfer in gases of the pos- 
sible compositions at Venus make entry 
into this planet appear particularly 
complex. 

Investigations of entry capsules con- 
taining no active elements for stabiliza- 
tion and weighing 300 lb. and less were 
conducted for JPL by the Ames Re- 
search Center. JPL also has had two 
studies conducted bv General Electric 
Co. 

The first, let through the Engi- 
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neering Mechanics Division, centered 
on the feasibility of using a Discoverer 
type body, the Ncrv (Nuclear Emulsion 
Recovery Vehicle) capsule (AW Sept. 
26, 1960, p. 26) as a Mars entry ve- 
hicle. The Martian entry situation 
probably can be simulated, using a Dis- 
coverer capsule on earth entry. This 
would be based on an expected Mars 
atmospheric structure and would use 
self-biasing of the capsule and a slightly 
altered angle of entry. 

General Electric’s second study, an 
over-all look at Venus entry, is being 
done by the Systems Division. 

Other problems, such as whether the 
capsule needs in-flight propulsion, how 
to communicate with observers and 
what experiments should be conducted 
are also under study. Data obtained by 
an instrumented capsule might be re- 
layed to earth via the Mariner B space- 
craft as it flew past the planet after 
ejecting its capsule. If the capsule were 
expected to survive impact and make 
measurements on the planet’s surface, 
it is expected that it could still relay 
data via the mother craft for up to 24 
hr. Relay might make the communica- 
tions task of the battery-powered cap- 

Sevcral groups of instruments are in 
varying stages of study and develop- 
ment for Martian entry because of the 
long lead time required. Instrumenta- 
tion for Venusian entry also is receiv- 
ing serious attention. 

Instruments for making measure- 
ments both during descent through 
the planetary atmosphere and on the 
planet’s surface are under investigation. 
Once it is reasonable to expect survival 
of the capsule after impact, instruments 
for making surface measurements could 
be added; others might be used both 
during descent and on the surface. 

Descent type instruments include 


simple l-to-3-lb. devices, each capable 
of measuring a single gas such as ni- 
trogen, oxygen, ozone or carbon di- 
oxide or water vapor. These are being 
developed by the Space Sciences Divi- 
sion. 'Two companies, Beckman Instru- 
ments and Melpar, have contracts to 
conduct studies of a gas chromatograph 
for determining atmospheric constit- 
uents during a Martian descent of up 
to 20-min. duration. A mass spectrom- 
eter also is under study. 

Another series of possible experi- 
ments-essentially biological devices to 
search for life forms on Mars’ surface, 
and intended for Mariner B capsule 
landing— are either under study or in 
development, some with industry under 
contracts from JPL and NASA. 

Contracts for instruments in feasi- 
bility or breadboard stage generally are 
let either from headquarters or the 
center, according to Manfred Eimer, 
acting chief of the Space Sciences Divi- 
sion. Once they advance to prototype 
stage and beyond to flight hardware, 
contracts are handled directly by the 
center responsible for the mission. 

Planetary surface instruments attempt 
to determine whether life is present, 
and in some cases more detail aDout it, 
by four broad categories of experiments: 

• Growth experiments to see whether 
a sample grows or multiplies. 

• Biochemistry experiments to find en- 
zymes and determine whether a life 
form has certain chemical constituents. 

• Microscopic investigations to see 
whether the life form moves, changes 
form, etc.— an attempt to determine 
whether life is there by its appearance. 

• Study of the environment to try to 
infer whether conditions, such as the 



Specific devices in development are; 
• Multivator— Automatic biochemical 
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MARINER 1 being assembled at JPL. 


laboratory, devised by Dr. Joshua Leder- 
berg of Stanford University, is capable 
of picking up and analyzing soil sam- 
ples. A small centrifuge separates the 
sample into IS or 20 cells for separate, 
and in some instances, duplicate experi- 
ments. The laboratory' might perform 
a growth experiment by adding a surface 
sample to a nutrient to see whether 
this changed its appearance. A pH 
factor experiment also is considered. 
Results or the laboratory analyses would 
be detected optically and telemetered 
back to the Mariner B or directly to 

• Microscope— Unconventional micro- 
scope in which samples are separated, 
placed on a small conveyor, then viewed 
under a small-depth-of-focus, high- 
magnification microscope. Tire micro- 
scope views would be picked up by 
TV camera, processed and returned by 
telemetry. 

• Wolf trap— In this possible experi- 
ment, named for designer Wolf Vish- 
niac of the University of Rochester, the 
device sucks in air samples and places 
them in a prepared nutrient. Growth in 
the organisms is detected by cloudiness 
or turbidity in the original medium. 
This experiment, unlike the two fore- 
going, is funded through NASA head- 
quarters. 

• Growth experiment— Samples would 
be brought into this device by drawing 
a string across the Martian surface and 
placing it in a nutrient touched with 
radioactive carbon 14. If the micro- 
organisms grow and multiply, radio- 
active carbon dioxide, which can be de- 
tected, might be produced by reaction. 
While there is a chance that this ex- 
periment might not work if the nutrient 
kills rather than supports the micro- 
organisms and if carbon dioxide is not 
a product, it is regarded as a promising 
experiment. Samples would be brought 
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into the device by a tethered projectile 
which carries a sticky string about 100 
ft. The device, about the size of a pint 
jar and weighing less than 2 lb., was 
devised by Gil Levin of Resources Re- 
search, Inc. (AW May 21, p. 38). 

A variety of exotic pick up devices, 
including a spectrum of “Sticky 
tongues —strings with sticky substances 
for grasping soil samples— as well as elec- 
trostatic pick ups and vacuum pick ups 
are under study. Selective monitoring 
schemes, which might pare the data 
that has to be returned and ease the 
communications burden, are also under 
study. Unlike the planets, the search 
for life on the moon is indirect, re- 
stricted to a gas chromatograph experi- 
ment which seeks prc-biotic, not living, 
materials. 

Venus Experiments 

The Space Sciences Division is be- 
ginning to tackle instrumentation prob- 
lems that would be encountered on 
Venus, whose surface temperature is 
estimated to be over 550F. The labora- 
toiy will study the design of video cir- 
cuits which could survive and operate 
in a blast furnace environment, an 
approximation of Venusian conditions. 

The division has a contract with 
Electro-Optical Systems for making 
microcircuits capable of operating in 
planetary' environments. The company 
is constructing hybrid microcircuits 
using silicon as a substrate and host for 
active elements and a deposited overlay 
of tantalum and tantalum oxide films 
for passive elements. 

Operation at temperatures up to 
550F is possible with these devices be- 
cause of an unconventional fabrication 
method. If the estimated tempera- 
ture for Venus is correct, the planet’s 
temperature is roughly twice the maxi- 
mum rated temperature of conventional 
high-quality semiconductor devices. 

Other areas of study and advanced 
development in anticipation of plane- 
tary exploration include new types of 
sensors and a study of new video data 
processing concepts to aid reconstitu- 
tion and display of returned data. In 
general many instruments developed for 
lunar exploration, with the exception 
of an X-ray spectrograph that needs a 
vacuum as available at the moon, are 
applicable to planetar} - exploration. 
Some techniques such as wet chemical 
analysis, which have been rejected for 
lunar exploration, may be valid on the 
planets, according to timer. 

Ultimately, when the future of the 
Voyager project— particularly the launch- 
ing vehicle— is settled, many of these 
techniques and developments will be 
advanced to flight hardware. Vovagcr 
is expected to be capable not only of 
flying by the inner planets but of go- 
ing into tight orbits about them, eject- 
ing large capsules, and possibly follow- 
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WESTON AEROSPACE INSTRUMENTS . . . 
PROVED RELIABLE IN ORBIT 
Flying by wire imposes rigid reliability demands on 
aerospace instruments. Weston Aerospace Instru- 
ments for the Mercury Capsule have lived up to 
this requirement. These lightweight, low-current 
indicators are backed by unique engineering and 
manufacturing experience dating from the original 
ILS instrumentation, and by a traditional reputa- 
tion for accuracy and reliability. 

Weston has applied this unusual design and pro- 
duction experience in a number of advanced space 

Mercury — More than a third of the Spacecraft's 
analog indicators were supplied by Weston for 
measurement of 14 variables: fuel, coolant and 
oxygen supply, cabin and suit environment, A-C 
and D-C functions. 

Gemini — As a result of the proven reliability of 
Weston instrumentation in Mercury, Weston dual 
indicators have been selected to monitor similar 
variables for Gemini. 

Other projects — Weston instruments . . . proved 
in orbital flight, will accompany astronauts in fu- 
ture manned space probes. Experienced Weston 
engineers can design and supply instrumentation 
to meet your most rigid requirements. Write for 
our aerospace capabilities brochure. Dept. 78. 
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ing an exploration sequence similar to 
that of the lunar program. 

Backing up the unmanned lunar and 
planetary efforts and the Deep Space 
Instrumentation Facility network, also 
operated by JPL for NASA, is a vast, 
laboratory-wide supporting research 
and advanced development effort ab- 
sorbing 40% of the in-house budget 
and a like amount of the activities of 
in-house personnel, according to Frank 
E. Goddard, who heads these support- 
ing efforts. 

Practically all basic research efforts 
are kept in-house. Much of the advanced 
development work is subcontracted to 
industry. These activities cut across 
divisional lines, with each engineering 
division conducting different types of 
research related to its disciplines. Apart 
from these is a Physical Sciences Divi- 
sion which conducts research under an 
annual budget insensitive to mid-year 
budgetary cuts in specific programs or 
other temporal problems such as booster 
availability. This division is responsible 
for 50% of the laboratory’s personnel 
engaged in research— 50 to 55 profes- 
sionals out of more than 1 50— and 
about 25% of the research funds. 

There are 35 separate research areas, 
including physics, planetology, turbu- 
lence and stability, plasma and ion pro- 
pulsion, polymer research, field theory 
and relativity, reactor physics, molecular 
structure, magneto-fluid dynamics, dig- 
ital communications, filtering and de- 
tection theory and space-borne comput- 

Research is of two types: fundamen- 
tal, aimed at understanding phenomena 
such as the plasma state and predicting 
its interaction with magnetic fields; and 
directed research, aimed at advancing 
technology. An example of the latter 
would be an ion propulsion effort di- 
rected toward hardware. Some directed 
research is subcontracted to industry, 
as was done recently when Physical Sci- 
ences Division and Guidance and Con- 
trol Division jointly let a contract to 
develop super-conducting alloys. 

About 80% of research in the engi- 
neering divisions is intended to improve 
technology and 20% is motivated by 
basic curiosity. In the Physical Sciences 
Division the percentages are reversed, 
according to R. Meghreblian, division 
chief. 

In addition to its own research and 
development, JPL has other responsi- 
bilities in this area. The Propulsion Di- 
vision, for example, acts as technical 
manager for about 40 "Advanced Tech- 
nology Contracts," small, short duration 
contracts of less than SI million and 
less than one year, placed with industry 
by NASA headquarters. The division 
helps headquarters select suitable areas 
for investigation and helps prepare work 
statements, evaluate resulting proposals 
and guide the contractors' efforts. 
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Deep Space Tracking Network Expanding 


Pasadena, Calif.— Radio tracking, command, telemetry and data acquisi- 
tion for unmanned lunar and planetary probes are requiring almost continual 
expansion and modernization of the Deep Space Instrumentation Facility 
(DS1F) managed and operated by Jet Propulsion Laboratory’s Telecom- 
munications Division. 

By 1965 there will be about 10 or 12 lunar and planetary shots in a year, 
compared with two planetary and three lunar shots in Calendar 1962. The 
number of shots tells only part of the story. Command, telemetry and 
data handling requirements will increase sharply for more complicated 
lunar craft such as Surveyor— with many of its experiments requiring real- 
time commands— and Mariner B, which will require a high level of com- 


munication system performance. 

In the near future, DSIF will have 
six stations— three located at Goldstone, 
near Barstow, Calif., in the Mojave 
Desert. By June of next year, when 
DSIF has been converted to a higher 
frequency— 2290 to 2300 me., the por- 
tion of S-band reserved for space re- 
search and communications and less 
subject to cosmic noise than the one 
now used— its capabilities will increase 

The original Goldstone site, from 
which DSIF had its beginning, now is 
greatly improved from the original sta- 
tion which began operation by tracking 
Pioneer 3 in late 1958. The Pioneer 
site had a system temperature of ap- 
proximately 1 500K, where system tem- 
perature, a measure of the perfonnance 
of the system, is defined as 290 times 
the difference between noise figure and 
one. New low-noise traveling wave 
maser, being developed for JPL by 
Microwave Electronics Corp., is ex- 
pected to give that site a system tem- 
perature of 30 deg., or improvement 
by a factor of 50, achieved in several 
steps in less than four years. 

By this fall, when its so-called Venus 
station goes into operation on a research 
and development basis, DSIF will con- 

• Woomcra, Australia— Maintained and 
operated for the U.S. government by 
Australians. Consists of a receiving 
station using an 85-ft. polar mounted 
parabolic antenna (±30 deg. to the 
equator). 

• Johannesburg, S. A.— Located 40 mi. 
north of Johannesburg in a valley pro- 
tected from man-made RF noises. 
Transmits and receives and employs the 
familiar 85-ft. polar mounted dish of 
all three major sites. Staffed and oper- 
ated by the Council of Industrial Re- 
search with only one American, a 
JPL-NASA representative. 

• Transportable station— Small, trans- 
portable transmitter and 10-ft. dish used 
in the early portion of low altitude in- 
jection, up to the point of about 10,000 
mi. where the spacecraft is in continu- 
ous view of one or another of the main 


fixed stations (Woomera, Johannesburg 
and Goldstone). 

• Goldstone— Goldstone equipment will 
include the original 85-ft. polar mounted 
antenna with highly sensitive receiving 
system. A second site, 7 mi. to the 
south and east, set up to participate in 
the Echo satellite relay experiment with 
Bell Telephone Laboratories in Holm- 
del, N. J., presently has a 10-kw. trans- 
mitter and a receiver installed after the 
Echo experiments early in 1960. It will 
have an 85-ft. polar mount antenna and 
its original 85-ft. azimuth-elevation 
mounted antenna is being moved to 
the third site. The latter, called the 
Venus site, will be a high-power— at 
least 100 kw.— transmitting station, in- 
tended to be in full operation for a 
1964 Mariner B Venus shot. It will 
supply commands, overcoming loss of 
command if a high-gain antenna on 
Mariner B fails to point properly. The 
modified Echo site will help relieve the 
tendency toward saturation of DSIF 
when frequency of shots increases. 

Funds were included in the Fiscal 
1963 budget request for another an- 
tenna, a 2 10-ft. dish, which would in- 
itiate work on a fourth Goldstone site. 
This antenna, compared with an 85- 
ft. dish like others in use in DSIF and 
combined with a sensitive receiver 
comparable to the one at the Pioneer 
site, will provide a 6 to 10 db. im- 
provement in signal to noise ratio. 
System temperature goal is about 20K. 

In an unusual experiment last year, 
the Echo transmitter directed signals 
to the planet Venus, signals which were 
reflected from the planet and picked up 
by the Pioneer site receiver. Results 
included what is believed to be a high- 
ly accurate determination of the Astro- 
nomical Unit, a better apparent cal- 
culation of the radar cross section of 
the planet and deductions about rota- 
tion rate of the planet. 

Data from DSIF stations are trans- 
mitted by commercial teletype into the 
Space Flight Operations Center (SFOC) 
at JPL in Pasadena, to which command 
reverts after launch. 


The center will undergo considerable 
expansion in the next year, resulting in 
a Space Flight Operation Facility 
(SFOF) that may be ready before the 
end of 1963. Western Union will in- 
stall a wide band microwave link to 
transmit tracking, telemetry and tele- 
vision pictures from Goldstone. 

The facility will reduce and evaluate 
telemetry, compute maneuvers, collect 
and reduce scientific data. It will be de- 
signed to carry out one real-time mis- 
sion-direct and control one mission in 
real-time mode— and support checkout 
on another spacecraft at JPL or Atlan- 
tic Missile Range. 

Initially, the facility— for which a 
building is to be constructed with funds 
appropriated for it this year— will use 
essentially the same equipment available 
to SFOC, including IBM 7090 com- 
puter, backed up by additional peri- 
pheral gear. It will be built on a 
modular basis to permit expansion. 

JPL is awarding a systems study con- 
tract with industry to take a look at the 
total system, including DSIF sites. 
General Electric recently was selected 
to conduct a several month study of 
status displays. Hughes Aircraft at Ful- 
lerton has the task of looking at SFOF 
communications— how to get data back 
from overseas DSIF stations, how to im- 
prove communications, what type of 
teletype should be used, how com- 
munications arc best conducted within 
the facility, whether there should be 
message routes. TV displays, etc. 

SFOF will be manned by people who 
have fundamental gear on specific 
flights, aided by the Space Flight Opera- 
tions Section of the Systems Division. 

For Surveyor, planning and execut- 
ing space flight operations will be the 
responsibility of the systems contrac- 
tor, Hughes Aircraft. Hughes will cal- 
culate its own spacecraft commands and 
will supply a spacecraft data analysis 
team. JPL will handle orbit deter- 
mination and supply a tracking data 
analysis group and JPL and Hughes will 
form a scientific data group. 


DISH ANTENNA for transportable tracking 
station near Johannesburg, S. A. 
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MB Hydraulic Shakers cut 
vibration-testing costs 
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Goddard Role Focused on Space Sciences 


Center has satellite, sounding rocket responsibility, 
operates tracking network for most space flights. 

Greenbelt, Md.— Goddard Space Flight Center works in the rich scam of 
space science that lies between the earth and its nearest neighbor. 

It shares the bulk of NASA's space sciences program with the fet Propul- 
sion Laboratory. But by the limitations of its mission statement, Goddard 
works on earth-orbiting spacecraft and sounding rockets while JPL has the job 

whole, in the work being done in Dr. 


of lunar and planetary exploration. 

Scientists at this center, directed by 
Dr. Harry J. Goett, currently are man- 
aging or developing 61 major satellite 
projects. Scientific satellites such as the 
Explorer series account for 34 projects; 
remaining 27 arc applications satellites 
in communications or meteorology. 

Goddard also has responsibility for 
the aerodynamic design, payload inte- 
gration and flight test of "all NASA 
sounding rockets. 

Finally, the center scientists operate 
two world-wide tracking networks— 
Mercury and Minitrack— for tracking 
and data acquisition of most manned 
and unmanned space flights. Reduc- 
tion of much of the data from these 
networks is also done at Goddard. 
Feedback Loop 

Management of this center likes to 
look at the across-the-board capabilities 
of its staff as a feedback loop from sci- 
ence to engineering to data and back 
to science again. 

Scientific capability is found in both 
theoretical work and in laboratory or 
analytical approaches. It can begin with 
studies of the nature of the universe as 


Robert fastrow's Institute for Space 
Studies in New York City. This experi- 
mental group is an attempt to stimu- 
late college and university interest in 
the space sciences, to help bridge the 
gap between these institutions and God- 

Or the science can be experimental 
work done in the Space Sciences Divi- 
sion, aimed at better understanding of 
ionospheres or of astrophysics. 

Engineering capability also has a 
paired approach. The center uses en- 
gineers to manage contractual develop- 
ments in satellites and spacecraft, and 
other engineers— or sometimes the same 
ones— to design, develop and test sci- 
entific satellites completely within the 
Goddard organization. 

Finally, the wealth of data obtained 
from tests in the laboratory or in flight 
can furnish basic infonnation that helps 
the space scientist understand his hy- 
potheses, or prove his assumption. 

This portion of the Goddard story 
deals with the engineering phases of 
the center’s work; other phases are de- 
scribed elsewhere. 


Goddard’s management of a satellite 
project is typified in the Orbiting As- 
tronomical Observatory program. This 
second-generation, “streetcar” satellite 
is an extremely complex structure that 
will be orbited to perform a variety of 
astronomical experiments. The major 
requirements, once the spacecraft is in 
orbit, are for stability of the platform 
and accuracy of pointing. 

Project Staff 

“In this job, we're not doers, but on- 
lookers and analyzers," said Daniel 
Mazur, head of Goddard’s Spacecraft 
Systems and Project Division. “Our 
project staff is like a review board, look- 
ing at manpower, costs, technical tasks. 
If we see a place where we can get some 
improvement, either by a backup ap- 
proach or by redundancy, we speak up." 

Five basic systems on the OAO 
spacecraft help define the organization 
of Mazur’s management team: struc- 
tures, control and guidance, power, 
thennal and communications. Scien- 
tists from each of these specialty areas 
within Goddard are on the team. There 
also is an experiment coordinator who 
helps the project scientist, a tracking 
scientist from the Tracking and Data 
Acquisition Division, and a test and 
evaluation engineer from that division. 
These men are led by a project manager, 
his assistant and a project coordinator. 

Working engineers from the project 
team maintain contact with Grumman 
Aircraft Engineering Corp., prime con- 
tractors for the spacecraft, and with 
subcontractors at IBM Corp., General 
Electric Co. and Radiation, Inc. The 
project scientist is in daily contact 
with the project leaders at Grumman; 
twice or three times a month the work- 
ing engineers visit Grumman. 

In structures, to use one example, 
the Goddard team reviews the Grum- 
man work. In thennal control evalua- 
tion, they felt that there were so many 
uncertainties that it would be logical to 
have a backup contract. 

Similar backup contracts exist with 
Eclipse-Pioneer, for the star trackers 
on which Kollsman Instrument is 
prime, and with other companies. 

The Goddard group sets environ- 
mental specifications for the OAO. us- 
ing data from Vanguard and Atlas 
Agcna vehicle vibration measurements. 
Tne contractor sets up his test plan 
based on that specification and per- 
forms the first tests. The prototype 
spacecraft final tests, plus its only tests 
as a complete observatory— that is, with 
the experimental package installed— 
will be done at Goddard. 

In contrast to Mazur’s management 
group, the Spacecraft Technical Divi- 
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8 to 12 oz. TWT's for space, missile and airborne use 

small size: weight (including heat sink): 12 oz. ■ basic package with magnets: 8 oz. ■over-all dimensions: 7%'x1%* 
high PERFORMANCE:30dbgain ■ 25-30% efficiency (with heater) ■ PPM focused ■ metal-ceramic ■ S-band* ■ predicted 
life 20,000-40,000 hours model msh: i*-is watts ■ model jmh: 2-3 watts 


•Can be provided in other bands with 1 to 25 watts Po and same high efficiency. (Model 349H will operate at 20 watts Po at higher voltages.) 
NORTHEASTERN 4 Federal Street, Woburn, Mass. WEIIs 3-1824 EASTERN 2000 "K" Street, N.W., Washington 6, 0. C. "Mhngjijieiv mrld mth^eleclronlcs 
FEderal 7-6760; 13 Lloyd Avenue, West Long Branch, New Jersey. CApital 2-1111 WESTERN 11105 South La Cienega | U IIT U P C ‘ 
Boulevard, Los Angeles 45. California. SPring 6-1515 MICROWAVE TUBE DIVISION J ° U ^ 11 C 3 i 
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Goddard Request 

Greenbelt. Md.-Gnddard Space Flight 
Center, located about 15 mi. northeast 
of Washington, has requested a $54 mil- 
lion operating budget for Fiscal 1965, 

its total to 2.749. 

The center, which has a S23.8 million 
construction request for the current fiscal 
year, is situated on a 578-acre tract. 
Plant value is $50.7 million. 


sion, headed by Whitney Matthews, 
represents Goddard’s in-house develop- 
ment and fabrication group. His basic 
group was part of the old Vanguard 
organization at the Naval Research 
Laboratory, and many of the staff have 
been together working on these kinds 
of problems for 1 5 years. 

Matthews’ responsibilities include the 
provision of small scientific satellites. 
By definition, that means less than 500 
lb. His group has built a total of 25 
spacecraft, of which seven are now in 
orbit. 

Ariel Satellite 

One of these was the UK-1 “Ariel”, 
the first international satellite, devel- 
oped by a group of British scientists and 
Matthews’ people. This and other in- 
ternational satellites follow a set plan. 
The British scientists-or those from 
whatever other country may partici- 
pate— chose the experiments and 
planned them, built the instrumenta- 
tion and decided what they wanted in 
the line of results. Matthews’ group did 
the basic design of the satellite itself 
and worked out all the rest of the 
spacecraft; in short, they provided the 
means of getting the British experi- 
ments into space, of helping tnem 
work, and of getting the data back in a 
useful form. 

That is the plan for a first interna- 
tional satellite. But the second— UK-2 
—is now being built by a joint team of 
British and Westinghouse scientists in 
accordance with the Goddard philoso- 
phv-first, not getting into “produc- 
tion” on any satellite, and second, doing 
as much as possible to educate and help 
others into the business. Project plans 
for UK-5 call for the entire job to be 
done by the British, at the Roval Air- 
craft Establishment. Farnborough, Eng- 
land. 

Testing Division 

One of the unique facilities at God- 
dard has been jokingly referred to as the 
John C. New Space Flight Center, 
after the division head in charge of test 
and evaluation. Now under construc- 
tion at Goddard is an enormous test and 
evaluation laboratory which, when it is 
completed, is expected to set the stand- 


ard for spacecraft checkout. Its primary 
value, savs New, is expected to be in 
improving reliability. 

For this reason, and because New 
didn’t want to be in the position of 
heading a group of critics of design, his 
organization reports through a different 
channel to the Goddard director (see 
chart on p. 179). 

Testing is rapidly becoming a differ- 
ent field from what it used to be. New 
savs. There was a time when the test 
engineer was low man on the totem 
pole, and when test departments were 
composed either of the rawest new en- 
gineers or the oldest and deadest em- 

Test Equipment 

But testing now demands test equip- 
ment that can measure at least one 
order of magnitude better than the 
toughest prototype requirement. New 
carries that philosophy over into his 
personnel, and tries to get people who 
are “also an order of magnitude better.” 
Two-thirds of New’s people have grad- 
uate degrees, with about half of them 
Ph.Ds. 

This is high for any kind of engineer- 
ing organization, and almost unheard-of 
in test work. 

“Our real problem is to do the job 
right the first time,” New points out. 
“We want to get into the project early, 
to establish the test requirements, and 
to set up the program.” 

The program generally uses three 
test articles: the engineering model, 
which is not much more than a detailed 
mockup; the structural model, which 
is complete and accurate in structure; 
and the prototype, which is essentially 
indistinguishable from the flight model. 

The engineering model gets some 
testing, but the real work starts with the 
structural model. It gets dynamic tests 
to find amplification factors and the 
strength of the over-all system. These 
results largely define the specifications 
for the subsystems, according to center 
engineers. 

Prototype Tests 

Prototype model testing is as rigorous 
as it is possible to make it, with the 
basic aim of reproducing the entire 
range of environments. Zero-gravity 
and radiation are out, but everything 
else is done: humidity; cold storage; 
high temperature; shock; accelerations 
and vibrations 1.5 times those expected 
at launch; spin and balancing tests; hot 
and cold temperature at ambient pres- 
sure; thermal vacuum exposure. 

“Our big interest is the failure 
mode," New emphasizes, “because 
that’s how we can improve quality as- 
surance. Sometimes we have to fight 
off the project team that just wants a 
quick fix.” 



ARIEL SATELLITE, UK-1, developed jointly 
by U. S. and British scientists, is shown at 
lift-off Apr. 26, 1962, from Cape Canaveral’s 
Complex 17. Launching of the first inter- 
national satellite was successful, with Thor 
Delta used as launch vehicle. Ariel was out- 
growth of standard procedure under which 
NASA’s Goddard center will help develop 
other international satellites. Goddard per- 
sonnel design satellite and launch it. Partici- 
pating nation selects the experiments to be 
carried aboard satellite, plans them, and 
builds instrumentation. UK-2 will be built 
by British and Westinghouse scientists. 
UK-3 by British entirely at Farnborough. 

181 


AVIATION WEEK 


SPACE TECHNOLOGY, July 2, 1962 



EXPERIENCE IS WHAT COUNTS 
IN SPACE SIMULATION 


While space simulation is a new and rapidly chang- 
ing art, experience in designing and building equip- 
ment for its full-scale accomplishment is of the 
utmost importance. That is because no inaccuracies, 
no approximations are possible; reliability proving 
depends on ascertaining absolute values. 

F. J. Stokes offers an impressive backlog of experi- 
ence in supplying major space test facilities. The 
installation described above and others for General 
Electric, the Vacuum and cryogenic systems for 
facilities at NASA’s Goddard Space Flight Center, 
the test chamber for Bell Telephone Labora- 
tories’ Telstar project, reliability testing facilities 
for space-borne electronic components, and pump- 
ing systems for various aeronautical research 
centers stand as benchmarks in Stokes' progress 
in this specialized area. 


Behind this specific activity stands half a century’s 
experience as one of the world’s leading manufac- 
turers of high-vacuum industrial systems. Since 
vacuum is the common denominator of all space 
test equipment, it follows that Stokes' high-vacuum 
experience, unique engineering capabilities in this 
field, and extensive, heavy-duty fabrication facili- 
ties can be successfully applied to problems of 
space simulation. 

If you are engaged in any phase of space test work, 
we will gladly explore the possibilities of putting 
Stokes space simulation and high-vacuum experi- 
ence to work for you, on a project management, 
single-source, turnkey, or any other basis. Space 
Systems Department, F. J. Stokes Corporation, Phila- 
delphia 20, Pa. 
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Goddard Satellites Probe Space Sciences 


• Explorer 10 results: Ring of electric 
current around the earth was detected 
at about two or three earth radii, sug- 
gesting a correlation with the results 
of Explorer 6; interplanetary magnetic 
fields were found to be far more in- 
tense than previously believed; terres- 
trial magnetic field merges with the 
interplanetary magnetic field about 40,- 
000 mi. from earth. 

• Explorer 1 1 results: Disproved one 
theory of the origin of the universe. 
The theory contended that matter and 
anti-matter were created continuously 
and equally. 

• Explorer 12 results: Van Allen belt 
was discovered to be a single radiation 
zone instead of two as believed for- 
merly; outer zone of the belt was 
found to contain large flux of medium- 
energy protons not before found in the 


NASA considers that scientific satel- 
lites are those that advance the space 
sciences program. Consequently, they 
measure the basic physical phenomena 
that characterize the earth, the moon, 
the sun, the solar system or the uni- 
verse and the interplanetary matter sur- 
rounding them. 

Since the first exploratory forays into 
space, satellites have grown in size and 
capability. Today's sophisticated vehi- 
cles are being used to study and define 
a variety of things that had to wait for 
this unique tool to discover them. 

Approximately a dozen scientific 
satellites launched during the past four 
years are still in orbit, although many 
of them have stopped transmitting. 
Typical of these have been the Explorer 
scries, a number of compact specialized 
spacecraft aimed at a variety of targets 
in the vast unknown that surrounds 
the earth. These have been the mile- 

• Explorer 6 results: First complete 
televised cloud-cover picture was ob- 
tained; large ring of electrical current 
circling the earth was detected; com- 
plete map of the Van Allen radiation 
belt was obtained. 

• Explorer 7 results: Significant geo- 
physical information on radiation and 
magnetic storms was obtained; internal 
temperature control method was dem- 
onstrated; first micrometeoroid penetra- 
tion of a sensor in flight was detected; 
large-scale weather patterns were ob- 


Space phenomena observations opening new areas 
of knowledge about earth, moon and solar system. 


Grcenbclt, Md.-In quality and quantity, scientific satellites developed 
or managed by scientists of the Goddard Space Flight Center are adding im- 
measurably to man’s knowledge of the universe he inhabits. 

For the first time in scientific history, instruments can make their measure- 
ments free of the distortions of the earth’s atmosphere and thus improve the 


quality of the measurements. 

A single orbit of a typical satellite 
has produced more data on a single 
phenomenon than all man’s observa- 
tions from the dawn of time until its 
flight. 

There is no hard and fast definition 
of a scientific satellite. All satellites 
produce scientific information of one 
kind or another; whether or not they 
have on-board instrumentation is im- 
material. Much can be learned in a 
geophysical sense from tracking a 
known vehicle. 

But in NASA, there is a rather rigid 
definition of a scientific satellite, and 
it is tied to the legislation that created 
the administration. 


• Explorer 8 results: Discovery of a layer 
of helium surrounding the earth be- 
tween the altitudes of 600 mi. and 
1,500 mi. 

• Explorer 9 results: Atmospheric den- 
sity was about one-tenth that measured 
during the previous year at the same 
time, attributed to decreased solar ac- 
tivity during this portion of the 1 1-year 
solar cycle. 
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This photo-optical space chamber— largest of its kind — 
Simulates altitudes of 380 miles (4x10~ s mm Hg). In this 
3,000 cu. ft. chamber, near-infrared, TV and photographic sensory 
systems are performance tested in aerospace environments. Other 
types of equipment, even complete satellites and spacecraft, are 
also checked out here. Capabilities of the chamber include tempera- 
tures from — 100°F to + 300°F, and vibration of 28,000 force-pounds 
to 300,000 feet A high resolution photo-optical test system beneath 
the chamber features a collimator array with a vertical focal length of 
27 feet. Terrain motion is simulated with dynamic resolution targets. 

For more details on this unique testing facility write for brochure: 
“Facilities and Capabilities— an 
Eye to the Future." Address 
Fairchild, Department 13, 

Robbins Lane, Syosset, N. Y. 

DEFENSE PRODUCTS DIVISION 
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belt; outer-zone electron density was 
measured to be one thousand times less 
than previous counts had indicated, 
attributed either to faulty early meas- 
urements or the decline in a solar sun- 
spot cycle. 

The part that Goddard plays in the 
scientific satellite program is a dual 
role. First, it conceives, designs, devel- 
ops, builds and tests scientific satellites 
within its own organization. This in- 
cludes, as desirable by-products, ad- 
vances in the technology in telemetry 
and encoders, for example, both areas 
in which specific and major contribu- 
tions have been made by the center’s 
personnel during their work on the 
projects. 

Such in-house work also pays off in 
the second Goddard role, where it acts 
as a managing agency for contracted 
programs. The technical work done on 
its own satellites gives Goddard the 
badge of authority for management of 
outside projects, and a degree of ex- 
pertise that would not be achievable 
without the home-built spacecraft. 

Goddard’s organization, although 
young in the framework of NASA, is 
experienced in just this kind of scien- 
tific work. The core of the group came 
from the Naval Research Laboratory, 
where they had specialized in an out- 
standing and internationally recognized 
program of upper-atmosphere research. 

First of their projects in-house was 
Vanguard 3, a logical follow-on to the 
Navy’s former Vanguard program, taken 
over by NASA. Much of Explorer 8 
was also Goddard in-house work. Ex- 
plorers 10 and 12 were all-Goddard 
satellites. Ariel, the first international 
satellite, was a Goddard spacecraft with 
British- designed and -developed experi- 
ments aboard. 

Early last month, typical work in the 
Goddard laboratories and shops in- 
cluded the first two flight units of the 
atmospheric structures satellites (S-6) 
and tne S-3A (follow-on to the ener- 
getic particles satellite Explorer 12). 
First S-6 was in final checkout; second 
flight unit was having its components 
and sub-assemblies installed. The S-3A 
was in the engineering mockup stage, 
with its components being carefully 
fitted into the spherical plastic housing 
that senes to define the dimensional 
limits for the spacecraft. 

At the same time, unique tape re- 
corders were being built and tested. 
These fit into a 7-in.-dia. disk, will re- 
cord for 100 min. and play back the 
recorded data in two minutes. Fidelity 
of the playback on output is less than 
one per cent peak-to-peak wow and 
flutter. Power requirement for record- 
ing is 0.1 watt, and for playback is 0.7 
watt. Tape is a continuous-loop type. 
All this is achieved at a weight of about 
three pounds. 

The NASA budget for scientific sat- 
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LOOKING FORWARD 

by Julian Haiti 


PASADENA, CALIFORNIA: To the searching mind, President Kennedy’s 
reference to space as the "new ocean" sparked some interesting similarities in 
the problems that face our astronauts and the problems that stretched the 
ingenuity of world explorers 450 years ago. 

Compare, for example, the technical complexities of measuring speed. 
Columbus’ Santa Maria and John Glenn’s Freedom 7 were both subject to 
their own shock waves. 

Columbus, however, had merely to toss his simple chiplog and knotted line 
beyond the Santa Maria’s bow-wave to calculate his speed and the Venturi 
principle could remain undiscovered for all it concerned him. 

Today, the challenges of measuring the speed of space vehicles are the bar- 
bells on which men like young James R. Rochester flex their scientific mus- 
cles. Rochester is concerned with hypervelocity here at the GCC Research 
Laboratories of Giannini Controls Corporation, pursuing a project spon- 
sored by the Flight Control Laboratory, A.S.D., Air Force Systems Command. 


Modestly but enthusiastically, Roch- 
ester explains that he and his group 
of experts are applying the same prin- 
ciples toward determining the rate of 
travel of space vehicles, especially in 
the dangerous “waters" of re-entry, as 
did Columbus, Vasco da Gama, and 
Drake. 

They literally are putting “markers" 
into the flow past a simulated re-entry 
vehicle to measure its velocity. In the 
same environment Columbus’ chiplog 
would, of course, fry in the heat of 
friction. 

Then what of Rochester’s "markers” 
in this hot corridor of re-entry? 

“If you can’t lick ’em, join ’em,” grins 
Rochester. “Get instrumentation that 
not only is compatible with the en- 
vironment, but also employs the envi- 

That’s precisely what they are doing, 
making use of the conducting proper- 
ties of the ionized gas, the plasma with 
its “conglomerate mixture of ions and. 
electrons” sheathing the re-entry 
vehicle. 

"One method,” Rochester ex- 
plains, "is essentially introducing a 
’marker’ into the ionized gas, and 
watching the transit of this marker 
as it moves around the vehicle." 

This space-age chip log is not a 
mechanical thing, of course. 

“We’re doing this by a magnetic 
interaction,” Rochester continues, 
"with the plasma itself. 

“It is a pulse magnetic interaction, 
using an electromagnet to give us a par- 
ticular magnetic configuration in the 


“As we pulse the plasma, we change 
its character at that point. This sets up 
a wave in the plasma that propagates at 
a particular velocity." 

The velocity of this “blob" as it 
moves around the vehicle has a rela- 
tionship to the velocity of the vehicle 
itself, and this in turn can lead ulti- 
mately to determination of angle of 
attack. 

Of course, the velocity of the “blob” 
cannot be assumed to be the same as 
that of the vehicle but, says Rochester 
in anticipating the future results of the 
work, “we are looking for the relation- 
ship between one velocity and the 

Most dramatic application of such 
a system could well be the return of 
the first men safely from a lunar voy- 
age. Rochester, a native Californian 
and UCLA graduate, notes: 

"When they are coming back, 
their vehicle will be in an ionized 
sheath for a large amount of the re- 
entry phase, and it won’t be for only 
a matter of minutes like Glenn and 
Carpenter. It will be a matter of cir- 
cling the earth possibly once or sev- 

“They will have to know their exact 
velocity and angle of attack to be sure 
that their vehicle structures will be able 
to take it.” 

Thus in a quiet Pasadena laboratory, 

still another team is 

Looking Forward. 
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Itek provides a complete capability for Aerospace electro- and photo-optical 

e :ms and components from research and development to precise fabrica- 
Range instrumentation cameras, airborne panoramic photographic 
systems, mobile ground support units, optical and electronic information 
' " equipment ... all fall within the area of Itek activity. Supporting 
‘ in-house research and development programs ahead of the 
long-focal-length, all-metal telescopes 
.... or still cameras and image orthicons 

. . . lightweight, large-diameter, optical mirrors and lenses fabricated from 
a broad range of metals and glasses ... and systems and techniques for 
planetary mapping in the next generation of space probes. When your project 
requirement calls for a high acuity, electro-photo-optical system, apply Itek's 
capabilities to its successful development and fabrication. 
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• 'e of the ar 


Itek 


Itek 

Corporation 

10 Maguire Road 
Lexington 73, Massachusetts 






ANGELES, CALIFORNIA 


IINGTON, 


ellitcs during Fiscal 1961 was S54.4 
million. The following year it doubled, 
to SI 17.6 million. The requested 
budget figure for Fiscal 1963 was $175.2 

What this buys and has bought is 
listed by NASA by calendar years. Dur- 
ing 1961, seven Explorer satellites were 
launched. This calendar year, the 
schedule calls for nine Explorers and 
two Orbiting Solar Observatories 
(OSO), making a total of 11 scientific 
satellites. 

In Calendar Year 1963, NASA has 
scheduled three Explorers, two Orbit- 
ing Geophysical Observatories (OGO) 
—although only one may make it-and 
two OSO launches, for a total of seven. 

For 1964, plans call for five Ex- 
plorers, four OGOs, three OSOs and 
the first two Orbiting Astronomical Ob- 
servatory (OAO) launches, totaling 14 
scientific satellites. 

In 1965, the NASA schedule shows 
nine Explorers, four OGOs, four 
OSOs and two OAOs, a total of 19 
scientific satellites. The 1964-1965 pe- 
riod includes the Year of the Quiet Sun, 
during which there will be a major ef- 
fort all over the world to observe the 
sun and to correlate and coordinate re- 
sults, somewhat in the manner of the 
International Geophysical Year. 
Experiment Selection 

The problem of selecting experiments 
for scientific satellites could become 
overwhelming; every scientist in the 
business has at least one idea for an 
experiment he'd like to do in space. 

NASA has established the Space 
Sciences Steering Committee, with Dr. 
Homer E. Newell as chairman, to make 
the final selection of what flies in every 
scientific payload. 

There are half-a-dozen subcommit- 
tees of the steering committee that 
make recommendations for experiments 

They arc reviewed by Dr. John Clark, 
associate director and chief scientist of 
the Office of Space Sciences. 

Typical of the detailed procedure 
involved was the choice of experiments 
for the EGO (Eccentric-Orbiting Geo- 
physical Observatory) launch. Four sub- 
committees, including about 50 scien- 
tists from universities, reviewed all the 
experiments that had been proposed for 
EGO. Some of the experiments could 
be ruled out as unacceptable, others 
because they were becoming obsolescent 
due to the continually-generated new 
knowledge in space sciences. 

There were new experiments that 
were ahead of themselves as far as the 
state of technology was concerned; they 
would be interesting to do if they could 
be done. The subcommittees recom- 
mended that the ideas be developed 
further for possible future launches. 

Finally, there were some first-class 


RADAR SYSTEMS FOR SAFETY IN THE AIR. ON LAND AND ON THE SEA. 


SELENIARADAR SYSTEMS 
ARE USED IN THE MOST 
PROGRESSIVE COUNTRIES 

IN THE WORLD 
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SOLID RELIABILITY 
FOR 

SPACE RESEARCH 


In 1947— Thiokol, working in cooperation with JPL, helped develop 
techniques for case bonding that made possible today’s solid 
fueled giants. Since that time.. . from the RV-A-10 engine which 
proved feasability of scale-up and the Falcon which introduced 
mass production to the rocket industry, to the huge booster for 
Minuteman and the high thrust power of Nike Zeus . . . Thiokol 
history is one of innovations marking progress in rocket propul- 
sion. □ Thiokol retro-rockets contributed in large measure to the 


success of the Discoverer Program and the recovery of the Mercury 
capsule. □ Pioneer in development of solid-fueled rockets of many 
performance characteristics for many systems ( spherical engines 
to yield high mass ratios, special units for vernier control and gas 
generators), the Corporation has built a record which— in terms 
of reliable engine performance, timely delivery and economical 
operation— reflects the Thiokol capability required to meet 
present national demands for leadership in space and defense. 


CHEMICAL CORPORATION 
FIRST IN ROCKET PROPULSION 


BENCHMARKS in the science of rocket propulsion 



17. TE-322-1 Swallow Booster 

18. TE-344 Cheyenne 

19. TE-240 MandanTest 

Engine 

20. TE-352 Crow 

21. TE-139 

22. TE-195 Discoverer Retro 


1. TE-186 Cygnus 40 

2. TE-285-1 

3. TE-80 Scale Sergeant 

4. TE-146 Cherokee 

5. TE-243 8" Ballistic Test 

Engine 

6. TE-29 Recruit-Mod. IA 

7. TE-289 Yardbird— Mod. I 

8. TE-289 Yardbird -Mod. I 

9. TE-29 Recruit-Mod. IB 

10. TE-307 Apache-Mod. I 

11. TE-307 Apache- Mod. II 

12. TE-82 Cajun-Mod. Ill 

13. TE-82 Cajun-Mod. II 

14. TE-82 Cajun -Mod. I 

15. TE-238 A Blackfoot 

16. TE-184 Cygnus 25 

THIOKOL-- pioneer of solid rocket 
propulsion . . . in all its forms! 


23. TE-52 Tart 

24. TE-345 Chippewa 

25. TE-280 5" CP Test 

26. TE-316 Mercury Retro 

27. TE-324 Hurler 

28. TE-83 

29. M-58 A2 Falcon Engine 

30. M-46 Falcon Engine 







ENGINEERS: Creative mind- 
power is being applied today by 
the men of Motorola to such vital 
aerospace programs as the NASA/ 
JPL Mariner planetary probes... 
the Mercury manned orbital space 
vehicles... and the Navy’s DASH 
drone anti-submarine helicopter. Ad- 
vanced instrumentation is also being 
developed for more than 20 major U.S. 
missiles. H If you are interested in shaping 
the future with Motorola on these and other 
programs, we can offer immediate opportu- 
nities to both system and equipment design 
engineers. Write us today describing in complete 
detail your experience in the following areas: 
Systems Design . operational and functional mission 
■alysis, optimum time-bandwidth utilization, redundant 
stem organization for reliability, phased arrays, digital 
i voice communications,and A-J secure communications. 


Military Electronics Division Headquarters 


shaping the future in 


ELECTRONIC COMMAND SYSTEMS 


' with State-of-the-Art* spread spectrum tech- 
niques, visual spectrum intelligence transmission, statistical theory 
of communication, integrated circuit applications, multiple logic 
element techniques, organization of digital data handling systems, 
correlation and phase-lock techniques, and coding and modulation.’ 
We are particularly interested in the programs on which your 
experience was obtained, and the extent of your technical 
responsibility. Please address this information to our Mana- 
ger of Engineering for immediate and confidential attention. 


experiments which looked good scien- 
tifically and feasible technologically. 
About 25 of these were selected and 
funded so that individual scientists 
could spend time and effort developing 
detailed plans. 

After this had been done, NASA 
called a two-dav meeting at which the 
scientists were given about a half-hour 
each to describe the experiment and to 
answer questions from NASA staff and 
consultants. 

"It amounted to a graduate school 
thesis defense in which each of these 
men who believed in their work was 
required to defend it," said Dr. Clark. 

After the meeting, the four subcom- 
mittees met and made final recom- 
mendations for experiments in their 
fields of proficiency. They developed a 
list which they approved unanimously 
and which was endorsed by the Space 
Sciences Steering Committee. 

To use Clark's words again: "We 
feel this is the most advanced and 
significant payload in our entire geo- 
physics program." 

But the effective performance of 
these related experiments depends on 
all of them getting to orbit. A few 
years ago such planning would have 
been impossible. Now, the large ob- 
servatory class of spacecraft opens new 

Observatory Class 

Development of the observatory class 
of spacecraft was a logical outgrowth in 
the space exploration program, after 
larger and more powerful launch ve- 
hicles were programed for the future. 

The restricting weight and volume 
of early satellites, which was forced 
upon them by the limited capability of 
launch vehicles, led designers to plan 
pavloads and experiments that were 
closely integrated. Often it required 
complete disassembly of the satellite 
to change a single component. 

Later experiments attempted to beat 
these restrictions by designing a num- 
ber of sub-assemblies that could be in- 
tegrated into a single frame. Each of 
these smaller units could be built, 
tested, installed and, if necessary, re- 
moved or replaced as an individual unit 
without the necessity of tearing down 
the entire structure of the spacecraft. 

The idea of an orbiting observatory 
evolved from this experience. The basic 
idea was to provide a big vehicle with 
a large amount of volume and weight 
for experiments. These would be 
mounted on shelves or brackets within 
the structure, and would be completely 
separate from the structure. Size and 
shape of the experimental package 
would not be determined too rigidly 
by the confines of the frame. 

Auxiliary systems for power, thermal 
control, and attitude control would be 
installed as common systems serving all 



Orbiting Solar Observatory (OSO) undergoes pre-flight tests at Goddard. 


the experiments. Data handling system 
for reading, storing and transmitting the 
data would be included as a spacecraft 
system. A ground station command sys- 
tem would be part of the control loop 
so that remote observers on earth could 
point the observatory toward areas of 
interest. 

Goddard Space Flight Center is man- 
aging the development of three classes 
or these spacecraft: Orbiting Solar Ob- 
servatory, Orbiting Geophysical Ob- 
servatory and Orbiting Astronomical 
Observatory. The first OSO was 
launched Mar. 7 this year; first OGO 
is scheduled for launch late next year, 
and the first OAO for 1964. 

Orbiting Solar Observatory was, until 
it stopped useful transmission on May 
22, the near-perfect satellite. NASA's 
largest and heaviest satellite launched 
so far, the OSO was designed to make 
measurements of X-ray and solar radia- 
tion from the sun. There were 15 ex- 
periments on board. 

OSO, which carries the NASA desig- 
nation of S-16 and the astronomical 
notation of 1962 zeta, 1 cl -'d 
from Cape Canaveral, using a three- 
stage Delta 8 vehicle. The complete 
spacecraft weighed 458 lb., was 44 in. 
in diameter and 37 in. high. 

Its orbit was very close to the circular 
path intended: it had a 343.5-mi. peri- 
gee and a 369.8-mi. apogee. Orbital 
plane was inclined at 32.8 deg. to the 
equator. Orbital period was 96.15 min. 

Basically, the OSO spacecraft is a 
spinning wheel with a fixed platform 
mounted on top. The fixed platform 
was oriented toward the sun at all times 
so that it could be used for sun-pointing 
experiments. The wheel was packed 
with experiments that saw the sun only 
once per revolution. 

Goddard shared the experimental 
payload with three universities and the 
Ames Research Center. The Goddard 


experiments were an X-ray spectrom- 
eter, monitors for gamma rays and 
X-rays, and measurements of dust parti- 
cles, solar radiation, solar ultraviolet 
and gamma-ray energies. University 
of California had a proton and electron 
flux analyzer and a neutron flux mea- 
surement device on board. University 
of Minnesota had an experiment to 
measure the intensity and angular dis- 
tribution of gamma rays. The Uni- 
versity of Rochester developed an 
experiment to measure high-energy 
gamma rays. Ames Research Center 
had a device to make studies of surface 
erosion. 

On the way up to orbit, the OSO 
was spun up to a high rate and three 
amis— which mounted tip jets and gas 
storage spheres— were deployed by cen- 
trifugal force. Once the amis were 
fully extended, the tip jets were used 
to dc-spin the OSO down to one-half 
revolution per second. 

Concept and general layout of the 
OSO was done entirely bv Ball Bros. 
Research Laboratories, whose previous 
experience in the field has been building 
pointing control systems for sounding 
rockets. 

During the 11 -week operating life of 
OSO, it had completed more than 1,100 
orbits and had transmitted scientific 
data for more than 1,000 hr. In com- 
plete contrast, the total amount of time 
spent in unimpeded observation of the 
sun’s surface and corona before the 
OSO was just 300 sec., obtained dur- 
ing sounding rocket experiments. 

Total development cost for the OSO 
program, through four vehicles of a 
size to be launched with a Delta 
vehicle, is estimated by NASA sources 
to be $60 million, plus another $10 
million for the four launchers. This 
figure includes personnel salaries, sup- 
port. and the spacecraft. 

Next class of observatory spacecraft 
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Can satellites 

eut communications costs? 


and Space Administration plans to launch 
the first Hughes Syncom communications 
satellite into orbit. Hughes engineers foresee 
that this Syncom can be the prototype for an 
advanced synchronous satellite system which 

A synchronous satellite is one which orbits 
the earth at an altitude of 22,300 miles. At 
this altitude it can be made stationary over 
an assigned latitude — traveling one revolu- 
tion with, the earth each day. 


require just three such satellites spaced 
around the earth (see fig. 3 below). They 
could bring intercontinental telephone, TV, 
telegraph and radiophoto service to every in- 
habited place on our globe. 

Equally important, the Hughes concept 
would accomplish this with greater simpli- 
city and economy. For example, with just 


rockets would be expended— and valuable 
launch pad time would be saved. 
Compared to other proposals, the Hughes 
system would require much less expensive 
ground stations. And because each satellite 
in the Hughes system would remain sta- 
tionary over a point on earth, each could 
continuously communicate with many sta- 


Three concepts of satellite communications 


one point on earth to another. (M) low altitude active uldUMstoMf more’ In ranrfonf nrhH* 
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tions. This permits a feature called “multiple 
access,” where as many as 100 countries can 
be interconnected in whatever combinations 
the telephone demand requires at any time. 
In fact, one operational synchronous satellite 
over the Atlantic Ocean could handle the 
intercontinental service between 90% of the 
world’s phones— 1,200 conversations simul- 
taneously! 

Initially designed as a Hughes-sponsored 
project and built under contract to NASA’s 
Goddard Space Flight Center, the Syncom 
satellite system may inaugurate the most 
practical use of space so far visualized. It 
could reduce communications costs while 
permitting people throughout the world, even 
in less developed countries, to share in a 
communications system built by free men in 
the cause of greater world understanding. 


Creating a new world with electronics 


HUGHES 


to orbit will be the Orbiting Geophysi- 
cal Observatory (OGO), a series of sat- 
ellites intended to perform many experi- 
ments in a wide variety of orbits, and 
to orient these experiments simultane- 
ously to both earth and sun. First of 
this class will be the EGO. It gets its 
name from the highly eccentric orbit 
which is planned; if successfully estab- 
lished, it will have a 160-mi. perigee 
and a 70,000-mi. apogee. Orbital in- 
clination will be at 3 1 deg. to the equa- 
tor, and orbital period is expected to be 
about 43 hr. 

Weight of any of the OGO series 
will be about 1,000 lb. per observatory, 
regardless of type and number of experi- 
ments. EGO will be launched from 
Cape Canaveral using an Atlas Agena 
B. 

Second of the OGO class is known 
as POGO, for Polar Orbiting Geo- 
physical Observatory, and is intended 
to be launched late in 1964 into a polar 
orbit. For this reason, it will be fired 
from the Pacific Missile Range; the 
launch vehicle will be the Thor Agena 
B. Planned orbit will have' an inclina- 
tion of 90 deg. to the equator, a 160-mi. 
perigee, a 575-mi. apogee, and a period 
of about 90 min. 

These orbits— one highly eccentric, 
one polar-represent two extremes; later 
OGO shots will be launched into 
lanned orbits with inclinations, apogee 
eights and periods between these 

NASA sources say that OGO devel- 
opment will cost Si 38 million, includ- 
ing salaries, support, spacecraft and, 
launchers for five development-phase 
flights. Repeat cost would be approxi- 
mately SI 5 million per launch includ- 
ing the experimental packages. 

Space Technology Laboratories is de- 
veloping the OGO series for NASA. 
Astronomer Satellites 

Biggest and heaviest of the currently 
planned observatory class, the Orbiting 
Astronomical Observatory (OAO) is a 
spacecraft designed to be capable of car- 
rying a number of astronomical experi- 
ments and of pointing them with ex- 
treme accuracy. For the first time in 
history, astronomers will be able to 
make observations of the heavens with- 
out having to look through the filters 
and distortions of the earth’s atmos- 

Earlv planned experiments center on 
ultraviolet astronomy, with visible light 
observations coming along on later 
OAO spacecraft. Some indication of 
the kind of experiments possible is 
given by the dimensions of the experi- 
mental package, which is 40 in. in di- 
ameter and 116 in. long. One of the 
planned experiments will use an opti- 
cal telescope with a 36-in. mirror. 

Weight of the observatory will be 
about 3.300 lb., including the experi- 


mental packages, and it will be launched 
by an Atlas Agena B vehicle from Cape 
Canaveral. Plans call for a circular orbit 
at 500-mi. altitude. 

Development cost for the OAO pro- 
gram for three flights is estimated at 
SI 84 million, including salaries, sup- 
port, procurement of spacecraft and 
launch vehicles. 

Prime contractor for the spacecraft 
is Grumman Aircraft Engineering Corp. 
Principal subcontractors are General 
Electric Co.’s Missile and Space Vehi- 
cle Dept., for the stabilization and con- 
trol system, and IBM Space Guidance 
Center, for the control center. 

Future Satellites 

Meanwhile, the special-purpose satel- 
lites also have a future. '1 lie philosophy 
seems to be two-pronged; first, develop 
a "streetcar” satellite that can carry 
a lot of experiments. Rough out the 
areas of special interest with these and 
then, as the second prong, develop spe- 
cial-purpose satellites which will in- 
vestigate only a few phenomena. 

One example of the special-purpose 
satellite is Goddard’s IMP (Interplane- 
tary Monitoring Probe). This space- 
craft is like a combination of Explorers 
10 and 12, and is being designed to 
monitor radiation through a complete 
solar cycle of 1 1 years. 

There will also be future satellites 
which will repeat experiments already 
conducted, or will extend their range. 

Ultimately, there will develop a third- 
generation spacecraft which will be 
characterized chiefly by provision of 
some on-board logic. Goddard scientists 
say they consider the first generation 
of satellites those types that in effect 
look at everything. They continuously 
monitor and record data and transmit 
miles of tape. Only a portion of this 
may be of value, and the work involved 
is in winnowing the wheat from the 
chaff. 

Second-generation satellites, accord- 
ing to the scientists, include those space- 
craft that can be told to look at some- 
thing special by command from the 
ground or by built-in program. Tire 
selectivity of these spacecraft will be 
greatly improved, and the mountains of 
data, while not reduced to molehills, 
will be considerably smaller. 

Finally, the current ideal of the space 
scientist is the discriminating satellite, 
the spacecraft that scans the heavens 
and recognizes something of interest on 
which to concentrate. It then swings 
into action and records data, rejecting 
everything that appears normal except 
for a few baseline parameters. As soon 
as some abnormality appears, the en- 
tire batten’ of sensing and recording in- 
strumentation starts and remains on 
until the phenomenon has stopped and 
normal conditions have been rc-estab- 
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OGO: its first mission. Sometimeinl963,OGO 
(NASA’s Orbiting Geophysical Observatory) will be 
launched into an elliptical orbit around the earth. It will 
gather, process and transmit dash on the physics of near- 
earth and cislunar space. Here ate some of the studies 
OGO may undertake in this initial flight: Energetic 
particles, with nine separate experiments on the flux and 
characteristics of these particles (irtWuding cosmic ray 
and plasma studies). Radio propagation and astronomy, 
through measurements of ambient radioenergy not ac 
sible from earth. Micrometeoroids, tc 


distribution and direction of interplanetary dust in the 
vicinity of earth. Magnetic fields, their intensity, direction 
and variation near earth and in space. Atmospheric 
measurements, to study the pressure, temperature and 
composition of earth and cislunar space. Ultraviolet 
scattering, from hydrogen in space. Gegenschein photom- 
etry, to study sunlight scattered by interplanetary matter. 
OGO will be launched into a wide range of orbits and may 
carry as many as 50 different experiments on each of its 
missions. This Orbiting Geophysical Observatory will be 
one of the most versatile earth satellites man has ever built. 


Energetic Particles 
M icrometeoroids 
Ultraviolet Scattering 


Solar Cosmic Rays 

Positron Search 

Radio Astronomy 


Energetic Particles 


Radio Propagation — 

* Captions indicate possible arrangement of instrumentatiomclusters which OGO may carry. 


OGO: its challenge. Today OGO demands 
advanced techniques in spacecraft design and develop- 
ment to meet its need for flexibility. It is a challenging 
responsibility to STL engineers, scientists and supporting 
personnel, who design it, fabricate it, integrate it, and test 
it. This versatile spacecraft will be manufactured at STL’s 
vast Space Technology Center where expanding space 
projects (OGO, Vela Hotel and other programs) create 
immediate openings for engineers and scientists in fields 


such as Aerodynamics; Spacecraft Heat Transfer; Analog 
and Digital Computers; Applied Mathematics; Electronic 
Ground Systems; Power Systems; Instrumentation Sys- 
tems; Propellant Utilization; Propulsion Controls; System 
Analysis; Thermal Radiation; Trajectory Analysis. For 
Southern California or Cape Ca'naveral positions, write 
Dr. R. C. Potter, One Space Para, Department-A, 
Redondo Beach, California, or P. O. Box 4277, Patrick 
AFB, Florida. STL is an equal opportunity employer. 


SPACE TECHNOLOGY LABORATORIES, INC. 
a subsidiary of Thompson Romo Wooldridge Inc. 
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Sounding Rockets Play Prime Science Role 


Greenbelt, Md.— Sounding rockets, one of the specific responsibilities of the 
Goddard Space Flight Center, arc the workhorses of the space sciences program. 

Primary purpose of sounding rockets is to obtain useful atmospheric and 
astronomical data from altitudes unreachable by other means. These uncom- 
plicated vehicles have a record of better than 50% successful operation. 


Working in the region between 20 
mi.— upper limit for balloon-borne ex- 
periments— and about 100 mi.— lower 
limit for satellites— the rockets have 
been the basis for determination of all 
upper-air composition and pressure 
information. They have photographed 
cloud cover, determined types and en- 
ergies of solar beams, obtained the first 
ultraviolet stellar spectra, and carried 
nuclear emulsions into the radiation re- 
gion. 

The entire program funnels through 
Goddard, which is charged with the re- 
sponsibility for aerodynamic design, 
payload integration and flight-test fir- 
ings. 

Primary justification for sounding 
rockets is their ability to measure in the 
altitude range between 20 and 100 mi. 
This region, of particular interest to sci- 
entists, contains the D-laver and the 
lower E-layer of the atmosphere. The 
properties of air, controlled near the 
surface of the earth by mixing processes, 
are influenced here more by diffusive 
processes. 

Many of the available sounding rock- 
ets have altitude capabilities much 
greater than 100 mi., which give them 
the unique ability to give a vertical 
sampling of the atmosphere. The E and 
F regions of the ionosphere, out to a 
few hundred miles, are best probed by 
rockets to get a sample which is useful 


in itself, and which also can be inte- 
grated to get total properties. 

Altitude capability of some sounding 
rockets also makes them useful for pre- 
satellite experimentation. Special in- 
strumentation needed for satellite 
measurements can often be built and 
tested at the proper altitude in a much 
shorter time than it would take to get it 
flown on a satellite. A sounding rocket 
payload can be built and flown in a 
time span of six to nine months. A 
satellite payload, takes time more on 
the order of two years. 


The problems of the preparation of 
the payload, the launch, acquisition and 
reduction of the data arc similar to 
those of a satellite. That similarity, the 
relative inexpensiveness of the sounding 
rocket, its simpler operation and shorter 
lead times for every phase, make the 
sounding rocket program a relatively 
easy initiation to space programs in 
general. 

Quick reaction capability, a term usu- 
ally associated with military weapons, 
also applies to sounding rockets. All of 
the types used (sec box), with the ex- 
ception of the Aerobees, have solid-pro- 
pellant rocket motors. They can be set 
up and fired with a minimum of make- 
ready time, so that measurements can 
be made shortly after a keying event- 
such as a solar flare— has been observed. 


NASA Sounding Rockets 


Aero 


e 100 


Aerobee 150, 150 A 

Aerobee 300 

Argo E-5 Jason 

Argo D-4 Javelin 

Argo D-8 Journeyman . 

Areon 

Iris 

Nike-Asp 

Nike-Cajun 

Skylark 

Nike-Apache 
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AS THE RECOGNIZED AUTHORITY on hydraulic dampers and 
actuators, Houdaille has recommended, designed and built 
specialized hydraulic equipment for many of our nation's most 
advanced military and space program systems. 



HOUDAILLE BUFFERS protect the complex electronic gear on 
such world-wide missile and space vehicle tracking networks 
as BMEWS, TRADEX, AMRAD, PINCUSHION, ADVENT, MIPIR 
and SYNCOM. Compact and powerful Houdaille Hydraulic 
Buffers absorb shock and prevent damage from over-travel 
of the radar antennae. 



OTHER MILITARY BUFFER APPLICATIONS include space 
vehicle tracking telescopes . . . fire control director for the 
Tarter shipboard missile . . . inertial guidance periscope sys- 
tem on the Polaris missile. 



HOUDAILLE ROTARY ACTUATORS are used for actuating air- 
borne radar scanners in the Chance Vought F8U-2N Crusader 
aircraft ... for the positioning of airborne radar and infra-red 
directors . . . and for elevation and azimuth control of satellite 
tracking antennae. 


HYDRAULIC CAPABILITY to meet requirements like these is 
the big reason why Houdaille is your most complete, most 
dependable source for any hydraulic application. For descrip- 
tive booklet on Houdaille's products and facilities, write . . . 



?!!' — Houdaille 

Industries, Inc. 


537 EAST DELAVAN AVENUI 






There might not always be a satellite 
of the right type in the right place 
when needed. 

Finally, the current sounding rockets 
have enough payload weight and vol- 
ume, and operate for a short enough 
time, that large amounts of on-board 
power can be carried. The experimenter 
can use standardized components in- 
stead of developing specialized pay- 
loads for each flight, and he doesn’t 
have to worry too much about the 
amount of battery power needed. 
Philosophy of Use 

Basic philosophy governing the 
choice of a rocket or a satellite to per- 
fonn an experiment is simple. If you 
can accomplish the experiment with 
a sounding rocket, don’t waste a satel- 
lite. And, as a sort of corollary phi- 
losophy: use the sounding rocket for 
experiments that can’t be done much 
better with a satellite. 

These are typical of the experiments 
done by sounding rockets in the NASA 
program: 

• Composition of the atmosphere was 
determined bv mass- and ion-spectrom- 
eters carried 154-mi. high by an Aero- 
bee. 

• Wind shears and turbulence in the 
region from 50 to 120 mi. were deter- 
mined from sodium-vapor trails re- 
leased from the payloads of several 
Nike-Asp rockets. Experiments of this 
type will be performed at Cape Canav- 
eral this year to determine the wind 
pattern over the Cape. 

• Atmospheric temperatures w'ere deter- 
mined by correlating the flash of explo- 
sive grenades carried aloft by Nike- 
Cajun rockets with the time that the 
explosions were heard. 

• Cloud cover photography was done 
during a pair of Aerobee firings. 

• Ionospheric investigations were made 
by six Aerobees, two of them carrying 
ejectable payloads to obtain measure- 
ments free of the influence of the ve- 
hicles. Others measured the D-layer 
conductivity and the E-layer electron 

• Solar beam experiments. Fourteen 
successful flights out of 14 launchings 
characterized this program, which was 
done to obtain information on the 
types and energies of particles in solar 
beams produced by solar eruptions. 

• Upper-atmosphere neutron intensity. 
This was measured on an Aerobee flight 
of 120 mi. altitude. 

• Ultraviolet stellar spectra. Four Aero- 
bees were fired for astronomical studies 
of ultraviolet radiation from stars and 
nebulae. In one case, out of 10 stars 
observed, only one of the cooler ones— 
at about 1 2, OOOF— appeared in the ultra- 
violet as was expected, based on knowl- 
edge of the sun. The hotter the star, the 
more the readings of the other nine dis- 
agreed with theory. Some Goddard sci- 


entists have postulated that the different 
behavior might be due to quasi-mole- 
cules of helium hydride, which do not, 
under earth conditions, form com- 
pounds. 

• Radiation intensity. First Nerv (Nu- 
clear Emulsion Recovery Vehicle) ex- 
periment was flown from the Pacific 
Missile Range on board an Argo D-8. 
Three bread-mold spore cultures w'ere 
flown to be studied for correlation of 
mutations with the radiation intensity 
measured on the emulsions. 

• Earth magnetic field. The first alkali- 
vapor magnetometer was flown to meas- 
ure the earth magnetic field to an ac- 
curacy of better than one part in one 
hundred thousand. 

Fired Anywhere 

The relative simplicity of the sound- 
ing rockets and their supporting equip- 
ment makes it easy to set them up at 
various sites for firing as was done dur- 
ing the International Geophysical 
Year and as is still being done. Rounds 
are fired from NASA’s Wallops Station, 
the Pacific Missile Range, White Sands 
Missile Range, Australia's Woomera 
Rocket Range, and Canada’s Ft. Chur- 
chill. 

Re-entry is not much of a problem. 
Payloads are most often not recovered, 
with the exception of special shots such 
as the Nerv firing. 

Not only firing sites form the inter- 
national side of the sounding rocket 
program. For many of the reasons cited 
earlier, many foreign countries have 
been able to gain entree into space 
much sooner and much more economi- 
cally than if they had had to wait for a 
satellite experiment. 

Cooperative Efforts 

Italy has been doing cooperative so- 
dium flare experiments on the range 
in Sardinia, tying the timing to a Wal- 
lops firing for similar sampling. Japa- 
nese instrumentation for their sounding 
rocket program has been flown on a 
NASA-fired Nike-Cajun for comparison 
of techniques. 

Sweden has fired Nike-Cajun rounds. 
A Norwegian engineer is stationed at 
Coddard gaining experience to take 
home. India and the Argentine are talk- 
ing about a similar approach. France 
checked ground installation for the 
Colomb-Bechar range at Goddard. 

Universities have joined the pro- 
gram, also, along with scientific and re- 
search institutes. 

As a result of this increased interest, 
plus the continued requirement for a 
steady, high level of sounding rocket 
activity, next year's firings Kill for a 
scheduled increase of about 50%. This 
calendar year, about 70 sounding 
rockets will be fired. 

For the calendar year 1963, 100 are 
scheduled. 


Frankly, 
we’d like 
to please 
everyone 

But not everyone is looking for 
personalized service . . . engineer 
to engineer. And not everyone is 
looking for the extra care and 
precision that's been a habit at 
TACTAIR for 21 years. Perhaps you 
are. Here are two examples: 



TACTAIR | 

TACTAIR 

FLUID CONTROLS CORP. 
Formerly: Aircraft Products Co. 
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Alcoa capability 
at work... 
ups output 
cuts costs 
of complex capsule 

When Alcoa engineers first got 
a look at this pint-sized alumi- 
num capsule— no bigger than a 
softball— it took over 100 oper- 
ations to produce. The Army 
Chemical Corps asked us to 
look into forging, extrudingand 
other metal-working processes 
as a method of simplifying the 
job. Alcoa capability went to 
work. By the count: Alcoa know- 
how slashed away nearly half 
of the steps in production, 
resulting in a significant time 
saving in output and expected 
cost saving in large-quantity 
production. 

This is another example of 
what Alcoa total capability can 
do and is doing every day in 
the production of scores of 
defense items for all services. 

World’s biggest light-metals 
workshop, and Alcoa runs it. 
No other basic producer can 
match Alcoa production facili- 
ties, or our knowledge of the 
metal we produce. Alcoa is 
equipped to fabricate alumi- 
num by every conceivable 
method. We have no axes to 
grind for any one process. 
That's why when you bring 
Alcoa a production problem, 
you can be sure you'll get a 
straight answer on how best to 
handle it. 

Whatever it takes to do the 
job— castings, forgings, im- 
pacts, extrusions— Alcoa can- 
do. Research, engineering, 
testing— Alcoa can-do. How can 
you use our total capability? 
Write Aluminum Company of 
America, Jobbing Division, 
1865-F Alcoa Building, Pitts- 
burgh 19, Pa. 

Jalcoa aluminum 





TOP / BOTTOM / INTERFACE 

From outer space at the top to earth’s atmosphere to the 
globe's surface to inner space at the bottom — plus the inter- 
faces. Defense is a multi-layered task comprised of many 
different sets of problems. Litton's Maryland Division is 
making significant contributions in all areas — originating 
concepts and pioneering advances in: Radar and Surveil- 
lance / Space Flight Technology / Navigation and Fire 
Control / Communications and Telemetry / Antennas and 
Microwave / Electronic Countermeasures / Hydrospace 
Technology and Systems / Training Aids and Simulators. 


□ Engineers and scientists who can contribute to one or 
several of many advanced programs in aerospace and 
hydrospace components, devices, and systems are encour- 
aged to obtain complete information about Litton Systems 
positions. Write for illustrated brochure: Maryland Division, 
4900 Calvert Road, College Park, Md. An Equal 
Opportunity Employer 


m LITTON SYSTEMS, INC. 

BEVERLY HILLS, CALIFORNA 
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expressway 
for automatic 
all-weather 
landings 

The Steel Products 

Engineering Oivision of 
Kelsey-Hayes is developing the 
radar antenna mounts for 
Bell Aerosystem’s All-Weather 
Automatic Landing System. 
Designated AN/SPN-10 by the 
Navy, the system has been 
selected for use aboard the 
nuclear-powered aircraft carrier 
USS Enterprise and other 
large carriers. / 



Since 1914, Speco has been a 
vital force in the nation’s aviation 
and defense programs ... and 
since 1949, has provided radar 
componentry for Titan, Hawk, 
Nike-Hercules, Nike-Zeusand 
many other guidance systems. 

For further information, write 
Speco Division, Kelsey-Hayes Co., 
Springfield, Ohio. 
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Research Provides Data for Space Missions 


Studies in aeronautical, nuclear and space technology 
aimed at developing new concepts and techniques. 

Advanced research and technology, one of the National Aeronautics and 
Space Administration’s five basic program areas, builds the foundation for 
future engineering of aeronautical and space vehicles. 

Part of this over-all program is tied to specific missions such as Apollo or 
one of the scientific satellites. But the major portion of the work aims at the 
future, at the undefined, nebulous jobs that will have to be done someday 
bv systems not yet developed and by techniques not yet understood. 


This kind of information also pro- 
vides a basis for defining and selecting 
future space missions. 

Three fundamental areas of activity 
comprise the subject matter of advanced 
research and technology: 

• Aeronautical research and technology, 
which deals with the problems of the 
entire aircraft speed range, from the 
zero-velocity conditions of the helicop- 
ter or VTOL designs to the hypersonic 
aircraft proposed for future develop- 
ment. Major efforts in this area include 
V/’STOL aircraft, the supersonic trans- 
port and multi-mission aircraft. 

• Nuclear systems technology, which 
includes nuclear propulsion systems 
such as the rocket program jointly con- 
ducted by NASA and the Atomic 
Energy Commission, electric power 
generation from nuclear power sources, 
and electric propulsion systems. 

• Space vehicle research and technology, 
which covers launch vehicles, spacecraft 
and re-entry vehicles with their asso- 
ciated problems of propulsion, power 
generation, avionics, guidance and con- 
trol, structures, materials, gas dynamics 
and space environment. 

On top of this foundation there is a 
superstructure of general research, with 
no specific problem area in mind. This 
portion of NASA’s work is regarded as 
vital; from it may come completely new 
techniques or new concepts that will 
lead future development into areas that 
might have been closed off, had this 
type of research not been programed. 


Mutual interest in most of these areas 
is shared by NASA and other agencies 
in the government, particularly the De- 
partment of Defense. There is coordina- 
tion of these programs, through the 
Aeronautics and Astronautics Coordinat- 
ing Board so that unwarranted duplica- 
tion is avoided. 

Most of the workload of the Ames, 
Langlev. Lewis and Flight Research 
Centers is chargeable to programs out- 
lined by the Office of Advanced Re- 
search and Technology. That office per- 
forms a managerial and coordinating 
function, with the usual objectives of 
such offices— reduction of duplication, 
provision of resources in anticipation of 
the need, support of planning or sched- 

NASA’s work in fundamental re- 
search, not tied to any specific mission, 
falls into four general areas: fluid phy- 
sics. clcctrophysics, materials and ap- 
plied mathematics. Space science, which 
might be considered as a fifth area for 
fundamental work, has been established 
as one of the five major NASA program 
areas, and is therefore not duplicated in 
the Office of Advanced Research and 
Technology. 

A typical example of fundamental 
research is the investigation of atomic 
recombination, a basic physical process 
whose control could result in tremen- 
dous reductions in re-entry heating, and 
equally large increases in the thrust of 
hypersonic air-breathing engines. 

’ The only trouble is that in one case. 


for re-entry, the scientist doesn’t want 
recombination to happen; for the case 
of thrust of the airbreathing engine, it 
is vital that the recombination take 

The phenomenon of recombination 
has to start with uncombined particles 
in the first place. In a re-entry situation, 
the air passing through the shock wave 
is heated so much that molecules break 
down into atoms and in the process, 
absorb some heat. If they then strike 
a so-called catalytic-body surface— and 
most normal vehicles seem to fall in 
that category— the atoms recombine to 
form a molecule and give up their heat. 
This extra increment of heat is what 
causes the trouble during re-entry. 

In a rocket nozzle flow, the desired 
situation is just the opposite. Every bit 
of recombination adds heat energy and 
therefore thrust to the system. In fact, 
in the ease of the hypersonic air-breath- 
ing engine, thrust with recombination is 
twice that without recombination. 
There arc some NASA scientists who 
believe that these types of engines will 
be practical only if some way can be 
found to guarantee recombination of 
the dissociated atoms; without recom- 
bination engine performance deterior- 
ates badly. 

The advanced research office has 
asked for a major increase in funds for 
this fiscal year— $618.5 million com- 
pared with a total of S349.3 million last 
year— which reflects budgeted increases 
right across the board. The largest in- 
crements arc requested for launch opera- 
tions development, nuclear systems 
technology, electric propulsion and 
liquid propulsion (see box). But the 
numbers don’t tell the whole story. 

In liquid propulsion, to use one exam- 
ple, the cost increases reflect the status 
change of programs from study to de- 
velopment. The $163.1 million re- 
quested for this item includes a major 
increase in funding for the 1-million-lb. 
thrust M-l hydrogen-oxygen engine for 
the Nova launch vehicle. 
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Langley Gives Space Effort Predominance 


Traditional center of aeronautical research knowledge 
now channels greatest effort to space flight studies. 

Hampton, Va.— Engineers and scientists of the Langley Research Center, 
historically leaders in aeronautical research, have turned their traditional 
disciplines to meet the challenges of space flight. 

Approach toward these objectives is a new one, but the trail is being 
blazed by the old standard disciplines of aerodynamics, structures, flight 
mechanics and fluid mechanics. 


Four years ago, the major jobs at 
the center— then the Langley Aeronau- 
tical Laboratory of the National Ad- 
visory Committee for Aeronautics— 
were aimed at making airplanes fly 
better. Today, more than two-thirds of 
Langley’s effort is channeled toward 
space flight and the remainder toward 
aeronautics. 

Biggest single portion of the work- 
load is chargeable against lunar and in- 
terplanetary vehicles— about 30%. Su- 
personic aircraft research, about evenly 
divided between the Mach 3 transport 
and the multi-mission military aircraft, 
accounts for 15%. Launch vehicles for 
space experimentation account for ap- 
proximately 14% of the work. 

Langley Mission 

Formally, Langley is charged with 
this mission: 

• "To engage in basic and objective 
research that will provide the technical 
background necessary for the accom- 
plishment of such missions as: (1) the 
manned and unmanned exploration 
and use of space and (2) improvement 
in the performance, safety and utility 
of airborne flight. 

• "On the basis of research findings, to 


generate new and advanced concepts 
for future national missions. 

• "To advise and provide research as- 
sistance to other branches of the gov- 
ernment, including assistance to the 
Department of Defense in the develop- 
ment of new weapons systems.” 

Within this framework, Langley’s 
tasks bridge the gap between hovering 
flight at sea level and hyperbolic veloci- 
ties in space. Detailed investigations 
branch off this main line, touching the 
structures of space stations and super- 
sonic transports; the attenuation of 
radio measurements during re-entry; the 
fabrication of inflatable earth-orbiting 
laboratories and paragliders; the noise 
of turbofan engines and sonic booms; 
the creation of man-made meteorites; 
the study of the hardnesses of the 
moon’s surface and of spray-deposited 
beryllium. 

Langley scientists still delve into the 
areas of the turbulent boundary layer 
and the problems of flutter, but now 
with a heightened urgency which has 
been spurred by the pace of project 
development. 

But neither research nor project work 
can go on without some help from 
experimentation, and that demands test 


facilities. The third leg of the Langley 
tripod is a collection of test facilities 
which have been modified and rebuilt 
almost continually to meet the chang- 
ing challenges of the times. The full- 
scale tunnel now tests free-flight mod- 
els; the 19-ft. pressure tunnel has been 
converted to a 16- x 16-ft. transonic 
dynamics test facility; the towing tank 
now checks landing characteristics of 
spacecraft. 

Organization Changes 

Langley, in the past, has been organ- 
ized on the basis of scientific disciplines 
which were related in their approach or 
application to the varying tasks of the 

But much of the workload now falls 
in project categories that cut across a 
number of the disciplines. Work on the 
supersonic transport involves acrodvna- 
micists, structures specialists, mathema- 
ticians who can develop the complex 
equations of flight mechanics, wind tun- 
nel technicians and a host of other 
specialists. So does work on the earth- 
orbiting manned laboratory, or the Sa- 
turn launch vehicle. 

To operate this intertwined organiza- 
tion, Director Floyd L. Thompson and 
Associate Director Charles J. Donlan 
manage the center as a matrix of inter- 
leaved disciplines and projects. 

They point out that an air loads spe- 
cialist understands the problems of air 
loads whether they occur on a helicopter 
rotor blade, a supersonic fighter eleva- 
tor, or a rocket nose cone. Logically 
and administratively, therefore, he be- 
longs to a discipline group; functionally, 
he acts as a consultant on loan to a 



GEMINI MODEL, left, is prepared for wind tunnel test with Rogallo paraglider; dummy Saturn booster, right, is tested with flex-wing. 
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THIS ACTUATOR COMBINES 
MINIATURIZATION WITH 



RELIABILITY 


For one-shot applications, this Atlas Miniature 
Piston Actuator 1MT1 14 is used in missile 
and space vehicle applications to convert 
an electrical impulse to mechanical energy. 

For example, it is used as a safety mechanism 
... as a locking or releasing device ... to 
prevent or permit rotation or linear travel 
... to perforate a container ... or to activate 
a relay, latch, or mechanical load. 


The piston moves % 0 in. (± % 4 in.) 
against a 20-lb. air bellows. Firing 
energy is 18.5 V with 10-ohms series 
resistance and 4-millisecond pulse. Approxi- 
mate firing time is 10 milliseconds. The 
actuator is reliable in ambient temperatures 
from — 65 °F to + 165°F, and it will 
withstand 300°F for one-half hour. Meets 
required MIL specs for resistance to shock, 
vibration and acceleration. 


Size: Overall length before firing — 0.725 in. max. 
Diameter — 0.130 in. 


Reliability: The complete Atlas line of ordnance 
devices operates on a simple principle of nature. 
The piston is actuated by gas pressure released 
from a chemical reaction, which is initiated by heat 
generated from introduction of an electrical 
impulse in the high-resistance bridge wire. No 
mechanical parts to fail. No electronic circuits. 
Operation is truly unmatched in basic reliability. 
Send for technical literature giving complete data 
and specifications on the entire Atlas line of squib- 
activated switches, igniters, and actuators. 
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PROPOSED 'LITTLE BOY' supersonic military aircraft model is being wind tunnel-tested, 
above, at Langley Research Center. Sidewinder missile models are attached to wings. 
Below, drawing shows design of variable sweep wings. 



particular project for the duration of the 

job- m 

To handle this workload, Thompson 
directs a staff of 3,628 employes, the 
second-largest number in NASA; about 
1,200 of these are professional grades. 
Almost one-third of the professional 
staff specializes in aerodynamics; 20% 
are structural specialists; 15% work on 
the mechanics of flight and 13.5% on 
fluid mechanics. 

Predominant Work 

These types of projects dominate the 
research and development tasks of Lang- 
ley Research Center: 

• Support of the lunar mission. Studies 
here are concentrating on the problems 
of guidance and control, of simulation 
of lunar approach, descent, landing and 
takeoff, and of rendezvous and docking. 
One fascinating aspect of the work is a 
scries of simple, low-cost simulators us- 
ing unsophisticated techniques to nar- 
row the problem arc-as. These simula- 
tors include a “cinerama” approach to 
a landing in a moon crater, and a three- 
bods - rendezvous problem in which the 
pilot tries to align two orbiting tanks 
and then to dock his spacecraft to the 
paired tanks. 

• Manned earth-orbiting laboratory. In 


Langley Research Center 

NASA’s Langley Research Center is 
located at Langley Station, Hampton, 
Va.. and is divided into two areas by 
Langley AFB. headquarters of USAF’s 
Tactical Air Command. NASA property 
totals 772 acres occupied, of which 430 
are owned by NASA and 342 are occu- 
pied under permit from the Air Force. 
Runways and some utilities arc used 
jointly by NASA and USAF. 

Current plant value of the installation 
is 5231,151.000. Operating cost for Fis- 
cal 1962, which ended June 30, was 
S4 1,643,000; for this fiscal year, NASA 
asked for an increase to 550,705,000. 
Construction during last fiscal year 

amounted to 56,530.000; this year’s is 
budgeted at 58,092,000. 

Langley Research Center also asked 
for an increase in its authorized staff from 
the Fiscal 1962 level of 3,628 to 4,000. 


this project area, studies cover concep- 
tual design, structural techniques, oper- 
ational problems and guidance and con- 
trol. One example: dynamic stability 
studies of a typical toroidal shape are 
being made to determine some of the 
parameters of response to unsymmetri- 
cnl mass distribution, meteorite impact 
with consequent rupture of the shell, 
and spin-up rockets for increasing or 
maintaining a level of gravity. 

• Unmanned earth satellites. Inflatable 
structure for the Echo series of passive 
communication satellites has been de- 
veloped here. Hie work continues, 
primarily in the area of structures. 

• Re-entry physics. Project Fire, the 
studies of re-entry at hyperbolic veloci- 
ties. is a major effort at Langley both 
physically and financially. Other aspects 
of this work include the Trailblazer 
scries of launches. Scout rc-cntrv ve- 
hicles, and the development of ground 
test facilities for checking flight data 
against experiment and theory. 

• Aeronautics. Biggest single effort is 
aimed at technical development of a 
supersonic transport, one of the national 
missions outlined in the Langley char- 
ter. Related technology is developing 


for the multi-mission fighter, featuring 
variable-geometry wings. Aeronautical 
work also includes helicopters, V/STOL 
aircraft and ground-effect machines. 

• Launch vehicles. Primary emphasis 
is on the dynamic loads of launch dur- 
ing the time period of the “. . . drama of 
the first hundred seconds.” Scout and 
Saturn are the two vehicles under con- 
sideration for the most part. Basic in- 
vestigations into such phenomena as 
wind shear occupy a large portion of 
this specialized workload. One of the 
most useful test facilities is a one-fifth 
scale model of the Saturn which is 
dynamically similar to the full-scale 
vehicle. 

Not Alone 

Back in the days when Langley was 
the hard core of aerodynamic knowledge 
in this country— a position which the 
center claims it still holds — it was in- 
house invention, experimentation and 
theory that developed the cowling for 
radial air-cooled engines, the low-drag 
airfoil, the transonic wind tunnel and 
many other contributions to aeronau- 
tics. But now, as the mission has 
changed and the tasks have become 
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First as a matter of record ... Scotch® brand Instrumentation Tapes 



World’s widest tape selection offers heavy-duty 
constructions for every instrumentation need! 





ilex, NASA has logically had 
groups or individuals who 
lecific jobs in specific dis- 
are efficiently and economi- 
would be possible at Langley 


f large eqi 


portions of the center's 
directed toward the purchase 


million level i , . , 

is expected to grow to a multi-million 

This kind of money will go to the 

Aviation Corp.-working on the devel- 
opment. 

Personnel Training 

There is a final important task, im- 
plied in the mission statement, that 
center management takes very seriously: 
advanced capability. 


training and on 
sional staff is c 
center's Grad 


:s graduate degree 

y enrolled in the 
education Proi 


Apprentice training is a major part of 
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FREQUENCIES 
FILTERED HERE 


. . . CEC’s TYPE 1-159 
VARIABLE FREQUENCY 
BANDPASS FILTER . . . 

(shown above) is brand new. It 
is lightweight, portable, 
operates on all-transis- 
tor circuitry and has a 
frequency range of 8 to 
2500 cps. B 
between 3db points 
does not exceed 4®, be- 
tween 6db points does 


not exceed 1 %, and one decade 
away is at least 65 db. Further- 
more, dial calibration is su- 
premely acciflate-within 1® of 
frequency reading! The 1-159 
is fully compatible with 
all CEC Vibration 
Transducers and the 
1-117 Vibration Meter 
(shown at Ief t ) . For eom- 
plete data, call your 
CEC office-or write for 
Bulletin CEC 1159-X3. 



CEC 


CONSOLIDATED ELECTRODYNAMICS 

PASADENA, CALIFORNIA • A SUBSIDIARY OF B ELL & HOWELL 
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Langley Explores Manned Space Station 


Hampton, Va.— Self -erecting manned space laboratory which could be 
operational before 1970 has been developed in conceptual form at the 
Langley Research Center. 

Design features six rigid cylindrical sections joined by inflatable sections 
to form a toroidal shape. Three radial, inflatable elements join the rim to 
a central, non-rotating section. The station folds into a payload designed 
to be topped by an Apollo re-entry vehicle for the first crew. It is to be 


boosted into orbit by a single Saturn 

After orbit has been established and 
the laboratory has deployed, the Apollo 
crew can enter the station and begin 
setting up and checking out equip- 

There will be a "shirt-sleeve” en- 
vironment for a crew varying from four 
to 30 persons, taken to the station by 
additional Apollo vehicles refitted as 
five- or six-man taxis. Seven of the 
Apollo capsules could be docked at 
one time in the station. 

Diameter of the station is 150 ft. 

It would rotate slowly to produce a 
low level of artificial gravity varying 
from l/6g (the level of moon gravity 
compared with earth’s) to 0.4g at the 
outer edge of the rim. A small zero- 
gravity laboratory could be provided at 
the hub. 

Total weight to be boosted into orbit 
approximates 150,000 lb. 

Progress in Time 

Manned space laboratory serves two 
basic purposes: It furnishes a very spe- 
cial environment for experimental stud- 
ies, and it acts as a stepping-stone into 
space. Langley's studies began with 
zero-gravity stations several years back, 
but they quickly changed to include 
artificial gravity for experimental rea- 
sons. This required rotation of the 
station. 

At this point, human factors studies 
dominated the concept. Rotation rates 


C-5 launcher. 

are closely tied to human comfort: 
Rotate too slowly, and normal body 
functions are impaired; too rapidly, and 
nausea or circulation impairment sets in. 

The result of these considerations 
was the idea for a large station with 
slow rotational speeds. Weighing the 
pros and cons of space assembly against 
those of boosting a complete station 
into orbit ruled out— from Langley’s 
viewpoint— the multi-mission assembly. 

This led to consideration of an in- 
flatable or expandable station. But these 
have two drawbacks: First, equipment 
cannot be installed in the station until 
it is deployed in orbit; second, inflatable 
structure can’t take meteorite penetia- 
tien for a long-duration mission. 

But a rigid station overcomes those 
disadvantages. Hence the solution was 
to combine the best features of the 
rigid station and the inflatable or ex- 
pandable station. This is the current 
Langley approach. 

Key to the successful working of such 
a station is its deployment in space. 
With rigid sections joined by inflatable 
transition sections, the job is not too 
difficult. But even a partially inflatable 
station has disadvantages that might 
be overcome by going to an all-rigid 
construction. In that case, folding be- 
comes difficult. 

Consequently, both approaches are 
being studied. North American Avia- 
tion is working on a contract to study 


the feasibility of a rigid station whose 
elements are hinged with a number 
of skew-axis hinges so that they fold 
to form parallel cylinders as a payload, 
but expand to the familiar toroidal 
shape after deployment. 

Justification 

NASA lists major uses for such a 
manned, earth-orbiting laboratory, most 
of which are tied directly to either cur- 
rent or possible future national missions 
in space and include: Orbital launch 
operational research, rendezvous study, 
controlled space systems experiments 
including biological and botanical tests, 
astronomical research. 

These projected uses help to define 
requirements for the space station. 
First, they demand a large diameter, 
a large usable volume— the concept 
shows about 60,000 cu, ft., equal to 
three large houses— and rotation. Op- 
erational considerations require auto- 
matic erection in space. The perturba- 
tions of docking, of meteorite impact, 
or of people walking around inside 
require that the station have a natural 
stability for which the moment of 
inertia about the vertical axis must be 
very much greater than the moments 
about any horizontal axis. There must 
be damping of these disturbances. 

Materials and structures must be 
compatible with the space environment. 
There must be control of the internal 
environment of the station. Power will 
be required. Protection against radia- 
tion and meteorites must be provided. 
Safety must be a predominant factor 
in case of fire, use of toxic materials, 
structural failure or the need to escape. 
Finally, a laboratory is no good if it 
runs out of equipment or personnel; 
there must be re-supply capability. 
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RESEARCH PILOT, left, operates lunar landing simulator pilot model; right, artist’s concept shows 


There is much to do before the 
space laboratory concept becomes a 
reality. More configuration studies will 
have to be made. The dynamics of the 
station will be checked in model form. 
Stability and orientation will also be 
checked the same way. In addition to 
North American’s work, thermal bal- 
ance is currently being studied under 
contract to Grumman Aircraft Engi- 
neering Corp. Materials and structures 
will take shape and be broken here. 
Life support systems and power sys- 
tems will be investigated for the labora- 

In addition to manned space labo- 
ratory work, Langley also is studying 
spaceflight piloting techniques for or- 
bital rendezvous and for lunar and 
planetary approach, descent and landing 
in a series of unusual simulators being 
developed in preliminary form. 

Purpose of the simulators is to de- 
rive first impressions of the complexity 


and difficulty of the task, and to get 
preliminary pilot reaction to instru- 
mentation layout, control systems and 
navigation techniques. 

Preliminary results of studies of the 
problem show that the lunar orbiting 
technique calls for nothing beyond cur- 
rent developments of guidance systems 
and the standard human pilot. It seems 
as if the best way is to make the man 
the primary system with automatic sys- 
tems as an aid, rather than trying to 
do the job automatically with man 
along for maintenance. 

Results of these studies, and the cur- 
rent NASA approach to simulation of 
spaceflight pilot tasks, seems to under- 
score the arguments of some engineers 
who, during all the mathematical treat- 
ments showing the near-impossibility of 
automatic rendezvous, kept arguing the 
task was no more difficult than bring- 
ing a ship into a dock during a high 
wind with a heavy sea running. 


Simulator experiments and studies 
are being made with inventive, low- 
cost approaches. Surplus inflatable 
structures are used for the simulation 
of the heavens. Plastic radomes make 
a perfect "cinerama” theater for pro- 
jection of lunar approaches. A home- 
made planetarium, costing about S300 
and featuring a couple of Christmas- 
tree ornaments as part of the optical 
system, serves as a star projector for 
one navigational simulator. In a ren- 
dezvous simulator, a toy planetarium 
costing about $15 projects a realistic 
sky background. 

In one study, a simulated approach 
to the Alphonsus crater on the moon 
is created by projection of a filmed 
approach to a plaster model, projected 
on the inside of a plastic radome. 

Another simulator study, now being 
developed for guidance and control 
techniques, uses an inflatable radome 
as the night sky, with the star pat- 



flat-white painted sphere, polished cylinder, dull cylinder, flat-white painted cylinder and rough-coated cylinder. 
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Economy and 
dependability proved in 
thousands of hours of 
business flying are earning 
for Continental engines 
an ever-wider acceptance 
as power for America’s 
great and growing 

business aircraft fleet. 


18 MODELS - 65 TO 310 HORSEPOWER 



Moon-Gravity Simulation 

Unique simulator of the dynamics of 
lunar impact is nearing the test stage in 
Langley's Dynamic Loads Division. 

It consists of an evacuated chamber, 
suspended by a cable running over a 
pulley, counterbalanced by a static 
weight equal to one-sixth of the chamber 
weight. Inside the chamber is a table 
to simulate the moon’s surface and pro- 
visions for suspending and dropping a 
model of a lunar vehicle. 

The chamber is loaded with the model 
and the simulated lunar surface, and 
then evacuated. To make the test, the 
model is released inside the chamber. It 
starts to drop at 6g. Just before it im- 
pacts the surface, the chamber is released 
so that it starts to drop at 5/6g. Re- 
sultant deceleration at impact felt by the 
model is therefore l/6g, or the lunar 
equivalent gravity. 

Following the impact, the time scale 
of the rebound is exactly that of the real 
case, so that the bounce trajectory can 
be plotted accurately. 

First tests of the simulator arc sched- 
uled for Ang. 1. 


terns projected by the S 300 plane- 
tarium. A cockpit will be installed at 
the center of the spherical housing to 
study the problems inherent in deep- 
space navigation. 

One of the more ambitious simulator 
projects here is a lunar landing and 
take-off research facility, which will be 
used to develop technology which will 
determine the characteristics for an 
astronaut mission training simulator for 
lunar letdown and takeoff. To be in op- 
eration in about 1 5 months, this facility 
will be an outdoor gantry-type structure 
housing a pilot's compartment on a 
propulsion module. 

Propulsion module will contain live 
retrorocket motors and a system of small 
maneuvering jets. A traveling crane 
will support fiie-sixths of the vehicle 
weight at all times to simulate the lunar 
gravity. 

Gemini rendezvous and docking 
simulator is being studied with a cabin 
mockup added to a surplus gunnery 
trainer obtained from the military. It 
will handle the last 1,000 ft. of ap- 
proach of the Gemini to the Agena 
stage, which will be done visually in 
the real rendezvous. 

Still another simulator study is in 
the area of the three-body rendezvous 
problem. It simulates the rendezvous 
of two fuel tanks and a capsule; object 
is to get the tanks together without 
exceeding closing rates of a few tenths 
of a foot per second. 

This center recently awarded a con- 
tract for still another type of simulator 
—for visual control of lunar landings— 
to Bell Aerosvstem Co. 
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YES, HERE ARE EXAMPLES 


These special quick disconnects are exam- 
ples of Aeroquip imagination and know- 
how in coupling design and manufacture. 
Each was designed to meet specific cus- 
tomer requirements. No two are alike. 
Aeroquip's total experience covers a wide 
range of fluids, temperatures, pressures, 
operating and performance characteristics. 
Whatever your fluid line disconnect prob- 
lem, it can be solved quickly and effec- 
tively at Aeroquip. Mail the coupon below 
for full information. 
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SCAT 3 model is designed to reduce friction drag by means of very thin surfaces and minimum surface area. Model was tested in the 
Langley unitary tunnel to determine performance and stability characteristics into the Mach 3 speed range. 

NASA Evolves Two Basic SST Designs 


Hampton, Va.— Two advanced configurations for supersonic transports have 
been evolved at the Langley Research Center as part of NASA’s over-all mis- 
sion of basic research and technical support to the SST program. 

One is SCAT-15— SCAT is the local acronym for Supersonic Commercial 
Air Transport— a variable-sweep design credited to John Stack, formerly 
NASA’s director of aeronautical research. It features a highly swept wing 
which can be spread forward to increase the span and aspect ratio and to 
decrease the sweep angle. These factors improve low-speed performance and 
handling characteristics. 


The other is SCAT-4 developed by 
Richard T. Whitcomb, who originated 
the area-rule concept. This design is 
based on a fixed, highly swept wing with 
careful contouring of fuselage, power- 
plants and wing to account for the non- 
linearities of flow over such a shape. 

Both these designs represent a major 
aerodynamic improvement over the 
USAF/North American B-70 configura- 
tion, but this is to be expected of de- 
signs which came along later and con- 
tinued to develop. Both are aimed at 
obtaining cruising lift-drag ratios much 
greater than those of the B-70, com- 
bined with the ability to operate 
efficiently at off-design conditions, such 
as subsonic fight in a holding pattern. 

Parallel to these two approaches, 
Ames Research Laboratory is pushing 
the aerodynamic development of the 
fixed canard-delta geometry. 

SCAT-15, with its wings pulled all 
the way back, looks like a slim delta 
shape with 75 deg. leading-edge sweep- 
back. Spread, the wing leading-edge 
sweep angle reduces to 25 deg. If it 


were a full-sized aircraft, it would be 
172 ft. long, with a 160-ft. spread 
wingspan. Fully swept, the wingspan is 
45.4 ft. 

Data from the SCAT-1 5 wind tunnel 
test program, now nearly completed, 
shows the configuration to be getting 
the needed lift-drag ratios. Low-speed 
handling characteristics are expected to 
be like those of current subsonic jet 
transports, and the configuration shows 
promise of being able to operate at sub- 
sonic speeds over fairly short-range 
routes with efficiency and economy. 

SCAT-4 starts with an arrow wing, as 
does the SCAT-15, in which the lead- 
ing edge is swept behind the Mach 
angle to get a wing whose aerodynamics 
theoretically become like the subsonic 
case. But tests do not verify the high 
lift-drag ratios predicted by theory; the 
reason is that there is a substantial cross- 
flow-outboard on the lower surface, 
inboard on the upper surface-which 
changes the wing characteristics. Whit- 
comb's approach has been partially “cut- 
and try," using many model tests. 


The configuration reduces to a highly 
swept wing with underslung inlets for 
the engines, and engine afterbodies 
which are like the anti-shock bodies 
developed by Whitcomb for the Con- 
vair 990. The fuselage has negative 
camber. 

First test data of the configuration 
shows subsonic lift-drag ratios less than 
current jets, but greater than a B-70 
configuration. Supersonic lift-drag 
ratios are much greater than the B-70 
type of geometry. Expected sonic 
boom situation should be much better 
than a canard delta because of the 
lower supersonic wave drag of Whit- 
comb’s configuration. 

Parallel Studies 

Langley’s responsibilities do not end 
with the aerodynamics of a possible 
SST configuration. The center also is 
concerned with the sonic boom pro- 
gram, propulsion, materials, structures, 
operating problems and handling 
characteristics. 

Further, the configuration studies arc 
continuing. SCAT-4 and SCAT-15 are 
not considered as ultimate layouts. 

Behind these detailed investigations, 
linked closely to the actual design and 
operation of a supersonic transport, lie 
some fundamental areas requiring clari- 
fication. Assistant Director Laurence 
K. Loftin, Jr., elaborated on some of 
these points. 

• Laminar flow over the wing. With 
about 25 years' experience in the study 
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SST MODEL, (SCAT 4), prior to testing in Langley wind tunnel. Model is designed to reduce drag to a 
3. Note specially cambered, highly swept wing, engine nacelles mounted at the top and to the rear of 


of laminar flow phenomena, Langley 
feels it still has to locate the correct 
answer. Fluid injection looks like one 
way, he said; the numbers from the tests 
look right. But secondary air or fluid 
has to come from somewhere; engine 
air is best, being readily available. But 
what is the price paid for that air? It it 

• Effects on highly swept wings under 
load. Langley ran these tests on a Boe- 
ing B-47 some years ago, measuring the 
dynamic response of the structure in 
rough air and trying to check those 
results with some static load work. 
There are many unknowns here, Loftin 

• Jet exit problem. Engine exhaust 
and intake areas don’t match over the 
flight performance range; their areas 
have to be matched by combinations of 
variable geometry and bleed. Langlev 
is performing some of this kind of work 
in the 16-ft. tunnel now, but primarily 
the engine inlet problem belongs to 
Ames Research Center. 

• Turbulent friction drag. It has never 
been measured at Mach 3 and the 


problem is to get accurate simulation of 
the surface and its environment. 
Langley is starting wind tunnel tests 
aimed at better definition of the mag- 
nitude of turbulent friction drag, using 
cylindrical shapes with variations in sur- 
face contour to obtain roughness effects. 
These will be run at Reynolds’ numbers 
above 100 million in order to be appli- 
cable to the problems of the Mach 
transport. 

So research problems and develop- 
ment projects run parallel tracks through 
Langley's effort on the supersonic trans- 
port. In Aero-Space Mechanics Di- 
vision, they work on the operating 
problems. One question: What hap- 
pens when a supersonic transport, living 
at Mach 3 and 72,000 ft., enters’ the 
New York City air traffic complex at 
5:00 p.m. on a Friday? 

NASA hopes to work with Federal 
Aviation Agency's Air Traffic Control 
Facility— part of the National Air- 
craft Facilities Experimental Center 
(NAFEC) at Atlantic City, N. J.-to 
study the problem through the use of 
a fixed-base simulator combined with 


the Langley data-computation equip- 
ment and tied to NAFEC by a leased 
telephone line. The four-man crew in 
the simulator will be put into realistic 
air traffic situations to help develop in- 
strumentation requirements, crew 
duties, communications needs and the 
like. 

One of the very important by- 
products of this simulator should be 
more accurate determination of fuel 
reserves needed to fly in realistic trans- 
port situations. Calculated data is little 
better than useless here; the simulated 
routine approach, using the character- 
istics of any reasonable SST fed through 
the data-computation equipment and 
the simulator itself, should provide 
values that will be much closer to the 
actual fuel burned. 

First complaints that runway rough- 
ness is affecting aircraft perfonnance 
at rotation are beginning to be heard 
from pilots now and the supersonic 
transport probably will be worse in its 
response to runway roughness, accord- 
ing to Langley engineers. 

Analytical studies are progressing, 


SIMPLIFIED MODEL is used for study of basic concept of variable sweep for SSTs and is shown installed in the 7 X 10 ft. wind tunnel. 





REMOTE-CONTROLLED, jet-driven research model of supersonic bomber and a flexible, 
lightweight auxiliary wing are tested in tree-flight in the Full Scale Tunnel at Langley. 


calculating response of the SST at its 
center of gravity, cockpit and other loca- 
tions. and using known runway profiles 
as input data. These studies arc aimed 
at determining optimum locations for 
nose gear and main gear, so that their 
geometry doesn't reinforce the oscil- 
lations set up by roughness. 

Work on the sonic boom problem 
involves the construction of the most 
delicate and smallest wind tunnel 
models this observer has yet seen. 
Imagine a complete Convair B-58 with 
a wing span approximating one-quarter 
of an inch. This model, and others like 
it. scaled down from conceptual layouts, 
arc mounted in supersonic wind tunnel 
test sections and "flown” at speeds cor- 
responding to those of a typical SST 
flight profile. A tiny probe is used to 
measure the pressure jump across the 
shock wave and the results arc in- 
terpreted in terms of the strength of 
the sonic boom or the pressure rise at 
a point on the ground below. 

This testing technique shows fair 
correlation with full-scale flights, and is 
pointing the way to some possible ways 
to alleviate the sonic boom. General 
investigations of the sonic boom prob- 
lem have also pointed out new aspects. 
One of these is that the shock wave 
strength on the ground is amplified 
when the airplane is accelerating in 
climb or in level flight, and also when 
the airplane is turning at supersonic 
speeds. This amplification may well be 
the worst aspect of the boom.' 

Supersonic transport problems arc 
concentrated in areas of materials and 
fatigue on the project charts of the 
Structures Research Division headed bv 
Richard R. Heldcnfcls. 

Materials, one of the big grey areas 
in tlie vehicle design, arc being 


screened here by the usual process of 
testing after exposure to elevated tem- 
peratures for periods of time. Heldcn- 
fels' division is working with some steel 
and titanium alloy candidate materials, 
aiming at a final test exposure of 20,000 
hr. at elevated temperature. During this 
time, samples are taken from ovens at 
periodic intervals and tested for deter- 
mination of stress-strain characteristics 
and notch sensitivity. But Hcldcn- 
fcls points out the difficulty: There 
is no way to compress time. If the air- 
plane life is going to be set at 30,000 
to 50,000 hr., there's no wav to test 
materials for a shorter period and be 
absolutely sure of their properties after 
the longer interval has passed. 

One saving grace is that many mate- 
rials can be rejected after only 1.000 
hr. of exposure, during which time thev 
lose so much of their strength or resist- 
ance to notch-sensitivitv that thev ob- 
viously won't maintain any kind of 
strength over a long-time exposure. 

•Most of the fatigue work hinges on 
the supersonic transport. Fatigue tests 
are run on materials which have been 
exposed to high temperatures; the tests 
themselves are performed at room tem- 
perature. The engineers arc looking for 
a link between what they know of 
fatigue and what they sunnise the load 
experience will be. Now, they expect 
most fatigue effects to occur' on the 
supersonic transport while it is on the 
ground, or in climb and letdown. The 
cruise phase is expected to be a minor 

In addition to Langley’s supersonic 
transport program, the facility is en- 
gaged in sustaining older aeronautical 
programs and in performing research 
in some new areas like paragliders. 

These are typical projects: 


• Multi-mission aircraft. Commonlv 
identified and frequently confused with 
Department of Defense’s TFX (tactical 
fighter) requirement, the Langley work 
on multi-mission aircraft has centered 
on the development of an acceptable 
variable-sweep wing. Wind tunnel and 
analytical work has gone into the evolu- 
tion of the currently favored shape 
which takes the form of a diamond for 
supersonic flight at low altitudes and 
spreads out to a straight-wing form for 
subsonic mission phases. With this 
kind of geometry, NASA claims, a tacti- 
cal fighter would be able to cross the 
Atlantic unrefueled: fly at supersonic 
speeds close to the ground; handle the 
air superiority or intercept mission at 
altitude for the Air Force; and fill the 
Navy’s requirement for air superiority 
and combat air patrol. 

• V/STOL aircraft. Langley engineers 
have been using the free-flight model 
technique, flying dynamically similar 
models in the full-scale wind tunnel, 
to get a first qualitative evaluation of 
any particular design. This test work 
has been supplemented by flying full- 
scale test 'chicles such as the Vcrtol 
VZ-2. But they envv the British posi- 
tion in this field. Said one NASA ex- 
pert: “The British Short SC.l has 
gotten much more data than is possible 
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with model work here. All our explora- 
tory dynamics work with models has 
already been done full-scale by the 
British.” For the lower-speed range, 
NASA engineers think they have found 
the best solution in a combination of 
the tilt-wing and deflected-slipstream 
types. That’s what current test work 
seems to indicate. Many questions re- 
main; one of these is how to get higher 
speeds than arc possible with propel- 

• Subsonic transport. It seems possible 
to produce another generation of sub- 
sonic transports with increased produc- 
tivity through expansion of present aero- 
dynamic and propulsive state-of-the-art. 
By using cambered and twisted wings, 
the lift-drag ratio might be pushed to 
values around 20 at Mach numbers 
approximating 0.9. A future turbofan 
engine could solve the propulsive prob- 
lem, and the combination could provide 
one more generation of subsonic, 
highly efficient transports. 

• Rigid-rotor helicopter. NASA soon 
expects to have a testbed rigid-rotor 
hclicopter-or as they prefer to call it, 
a hingeless-rotor helicopter— flying. The 
machine is basically a Bell helicopter 
with some new and borrowed parts, 
intended to perform a flight research 

E iroject to determine control linkage 
oads and the relations of blade stresses 
to hub moments. In another investiga- 
tion, NASA will participate in a pro- 
gram on the Locknecd rigid-rotor heli- 
copter by testing a dynamic model in 
the 16- x 16-ft. transonic dynamics tun- 
nel. The model will act as if it were 
flying, and it will be possible to make 
sizable changes in stiffness parameters 
and their ratios. 

• Paragliders. This development of the 
Rogallo wing is progressing. Testing is 
planned in the 16-ft. transonic dy- 
namics tunnel of an elastically similar 
Apollo wing, an inflatable paraglider 
type being built for Langley by Good- 
year. Another current project is the 
fitting of irreversible boost controls to 
the Ryan flying testbed aircraft to im- 
prove its handling qualities. One major 
problem with these flexible wings is to 
keep the trailing edge stiff; obviously, 
one of the best ways to change pitching 
moments violently on a wing is to 
wiggle the trailing edge. 

• Vgh program. This program, which 
involves flying recorders in selected 
commercial airliners, has furnished 
much useful data since its inception 
almost 50 years ago. The recorders fur- 
nish a time history of velocity (V), 
vertical acceleration (g), and altitude 
(h), so that the loads can be related 
to their causes: gusts, maneuvers, or 
ground roughness. One disquieting re- 
sult from the 20 or so Vgh recorders 
now flying in jet transports: Unusual 
flight events occur much more fre- 
quently now than they used to. The 



POSSIBLE CONFIGURATION of multi-mission fighter showing operation of wing 
as angle changes from that required by supersonic flight at low altitudes (top) to 
and landing configuration (bottom). 


AVIATION WEEK and SPACE TECHNOLOGY, July 2, 1962 




YOU CAN MEASURE YOUR SAVINGS 
WHEN YOU BUY 

EDGEWATER ROLLED STEEL RINGS 

. . . because every steel ring we make is 
hot-rolled so close to finished size and 
shape that it needs very little machining. 

There's so little waste metal that savings 
in materials and labor definitely help you 
beat the profit squeeze. 

Edgewater rings, made from solid steel 
blocks, are unusually tough owing to the 
rolling process. It makes metal denser and 
develops continuous flow lines which in- 
crease the strength. Can be designed in 
complex cross-section shapes, in diam- 
eters 5 to 145 inches. 

We’d be pleased to answer your ques- 
tions about applications — for bearing 
races, gears, parts for motors, missiles, air- 
craft engines — about qualities 
and economies in Edgewater 
rolled steel rings. Call the 
nearest representative, or 
write for free brochure. 

EDGEWATER STEEL COMPANY 

P. O. BOX 478, DEPT. A.W.- PITTSBURGH 30, PA. 
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MODEL of supersonic transport examined. 


transports are being operated closer to, 
and sometimes in excess of, their air- 
speed limit. There are several times 
as many maneuvers per flight hour for 
the jet" transports as there were for 
piston-engine aircraft; this may be as- 
sociated with increased training time. 

• Runway slush. A NASA report is the 
basis for FAA’s current “half-inch" 
rule, which forbids takeoffs if there is 
a half-inch or more of slush on the run- 
way. Langley performed tests on the 
landing track to measure the drag of 
runway slush. When FAA made some 
full-scale tests, that agency got twice 
the drag reported by NASA. The dif- 
ference was the added drag of flap, 
fuselage and interference between front 
and rear wheels on the landing-gear 
bogie. Now NASA is revising its test 
apparatus to simulate flaps and bogie 
gear, and expects to get more-accurate 
measures of the drag due to slush. 

• 16- x 16-ft. transonic dynamics tun- 
nel. This unusual research tool used to 
be the 19-ft. diameter, circular-throat, 
low-speed, pressure wind tunnel, but 
during the early 1950s it became appar- 
ent that a large-scale transonic acro- 
elastic tunnel would be very useful. 
The 19-ft. tunnel was converted to a 
16- x 16-ft. slotted-throat test section 
which can be run with air or Freon at 
speeds between zero and Mach 1.2, 
using only 20,000 lip. Elastically simi- 
lar models are run in this tunnel; in 
Freon, a one-fifth scale model satisfies 
the similarity parameters ideally. One 
problem now drawing attention is 
mounting models. Langley engineers 
devised a mount using a pair of wires in 
mutually perpendicular planes: wires 
run over pulleys inside model. 

• Noise program. Besides the specific 
application to the supersonic transport 
in the sonic boom program, Langley 
is involved in more general aspects of 
noise. The increasing volume of com- 
plaints traceable to the landing, not 
the takeoff, of turbofan-powered air- 
planes stimulated the interest. First 
results of investigations show that fan 
noise appears as spikes in a narrow- 
frequency band superimposed on a 
broad-band noise spectrum. The noise 
is very highly directional forward of the 
engine, just off the axis. 
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Major advance in cryogenii 
cooling Aj 




Garrett-AiResearch is completing develop- 
ment work on closed cycle nitrogen, helium 
and neon systems using a tiny turboexpander 
in place of a piston expander. 

This promises to dramatically increase 
system reliability and service life because all 
wearing surfaces, valves and troublesome 
reciprocating loads have been eliminated. 

These compact, lightweight system* for 
masers, parametric amplifiers, IR cell cool- 
ing and computer components are ideally 
suited to commercial applications as well as 
military ground and aerospace uses. 


AiRcsearch was first in production with 
an open cycle IR cooling system, and has 
already produced a closed cycle nitrogen 
system. The company is now working on 
military programs for 30°K and 4.2°K 
closed cycle systems. 

Utilizing its experience as a world leader 
in lightweight turbomachinery and cryo- 
genic cooling, AiResearch is also developing 
an all-turbomachinery closed cycle system 
incorporating a turbocompressor as well as 
Mir] \pander. 

Your inquiries are invited. 


AIRESEARCH MANUFACTURING DIVISIONS • Los Angeles 45. Calilornia • Phoenix, Arizona 
Systems and Components for: 

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 
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Be fussy 


Two things determine whether or not 
a particular printed circuit connector 
is 'right' for your application: 

1. How the printed circuit board 

mates with the connector, and 

2. How the connector connects to 

the rest of the system. 

Take mating, for example. Besides 
having the correct number of contacts, 
a printed circuit connector must hold 
the board securely whether the board 
happens to fall at the high or low end 
of thickness tolerances. 

These considerations convinced 
Amphenol engineers that no single 
contact design could satisfy the re- 
quirements of a wide range of appli- 
cations. So they designed three con- 
tacts that will. 

One. used in Prin-Cir* connectors, 
looks a lot like a tuning fork with lips. 
The circle lip design makes contact 
overstressing or 'setting' impossible 
— even after repeated insertions. The 
contact's long spring base also enables 
it to accommodate boards that range in 
thickness from .055' to .073", while 
doing an excellent 'wiping' job. 

EASY DOES IT 

But not every application requires 
the Prin-Cir 'bite.' For this reason, 
Amphenol engineers designed connec- 
tors with ribbon contacts that mate 
with a gradual wedge-like force. In 


blind mating applications, gradual mat- 
ing makes the feeling of coned mating 
unmistakable, (lust the thing when 
your equipment may eventually be 
maintained by less-skilled and less- 
concerned personnel.) Ribbon contact 
wedge action also makes it possible 
for connectors using these contacts to 
accept the same wide range (.055" to 
.073") of board thicknesses as do Prin- 
Cir connectors. 

Finally, advances in micro-miniatur- 
ization (like Amphenol-Borg's Intercon® 
pre-fabricated circuitry) meant that 
tinier-than-ever-before connectors 
were needed. Amphenol's answer was 
the Micro-Min® receptacle and printed 
circuit board adapter. Micro-Min con- 
tacts are actually tiny springs of beryl- 
lium copper wire, formed in a pre- 
cisely designed arc to assure firm 
circuit board retention. This unique 
design makes it possible to space 
contacts on .050" centers and crowd 
1 9 connections into a little more than 
an inch of space. 

TERMINATIONS COUNT, TOO 

'How to connect connectors to the 
rest of the system' also merits a good 
deal of consideration. In some cases, 
hand soldered terminations will do just 
fine. In others, higher volume require- 
ments call for high production rate 
methods like dip soldering and wire- 
wrapping. Some engineers prefer taper 
pin terminations. 


Our printed circuit connectors are 
available with contact tails designed 
for each of these termination meth- 
ods. In addition, adapters are avail- 
able for use in connecting printed 
circuit boards at right angles to each 
other or in modular arrangements. We 

hermetically sealed contacts — still 
others with coaxial contacts. 

Take your choice. 

Any Amphenol Sales Engineer or 
authorized Amphenol Industrial Dis- 
tributor will be happy to discuss print- 
ed circuit connectors (ours) with you. 
Or, if you prefer, write directly to 
Dick Hall, Vice President. Marketing. 
Amphenol Connector Division, 1830 
S. 54th Avenue. Chicago 50, Illinois. 



Wedging action of Amphenol ribbon-type (A) 
and long spring base of Amphenol Prin-Cir 

board retention, whether board happens to 
fall at low (.055") or high (.073") end of 


Connector Division/ Amphenol-Borg Electronics Corporation 




NEW NAME, NEW SIGNATURE 



Gf/f///crn 


Corporation 


. . . mark the continuing 
forward progress of the most 
experienced name in radar 


In its Golden Anniversary year, the company founded in 
1912 as Gilfillan Brothers changes its name to the 
Gilfillan Corporation. Under the new name and "forward G" 
signature, the same progressive management will continue to 
maintain policies and capabilities that have established 
Gilfillan's worldwide position as prime contractor of complete 
radar systems to the military services and civil agencies of 
the United States and 40 nations around the world. 
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Re-entry Heating Is Under Intense Study 

Hampton, Va.— Heating inputs up to 10 times as great as those experienced 
during ballistic missile re-entry are being studied at Langley Research Center 
as part of a comprehensive program in re-entry physics. 

Speed range covered starts at satellite speeds around 26,000 fps. and extends 
to the hyperbolic velocities— greater than 36,000 fps.— that are associated with 
return from planetary voyages. Test velocities up to 47,000 fps. have been 
achieved in flight tests using multi-stage rockets firing on both the upward 


and downward legs of the trajectory. 

In addition to measurement of heat- 
ing. other studies arc attempting to de- 
fine the radar signatures of different 
materials at re-entry velocities: to ex- 
plore the insulating value and behavior 
of protective materials: and to investi- 
gate the ways to combat communica- 
tions loss during re-entry. 

Flight tests and analytical techniques 
heavy with chemistry and physics are 
part of four re-entry programs here: 
Trailblazer, Five-Stage Scout. Ram, and 
Fire. In addition, tests are being run 
in a hypersonic, Mach 12 wind tunnel 
with a 31-in. square throat to aid cor- 
relation of experiment and theory. 
Radiative Heating 

Problem of re-entry heating of 
manned vehicles returning from lunar 
or planetary voyages is different from 
that of missile re-entry. The heat load 
increases out of all proportion to the 
speed increase. At ICBM or satellite 
re-entry speeds up to 26,000 fps., con- 
vective heating is the problem. Heat 
is transferred by convection from the 
hot ionized gas cap to the vehicle. 

As speeds increase, so does the heat- 
ing input. At about 34.000 fps., radia- 
tive heating begins to appear. The 
vehicle now gets heat energy from both 
convective heating and the radiated 
heat of the hot gas cap. This means 
that an Apollo vehicle, re-entering the 
earth’s atmosphere at about 38,000 
fps., will be subjected to more than 
twice the heat load on Mercury, or in 
other re-entry from satellite speeds. 

Further increase in heat load goes 
with added increases in speed; but the 
relation is exponential, with the heat 
input proportional to a value some- 
where between the 13th and 20th 
power of the velocity. If the speed 


doubles, the heat load may increase one 
million times. 

Prc-radiativc heating occurs at these 
higher velocities, stemming from the 
radiation from the hot gas cap. That 
source radiates some energy at short 
wavelengths and preheats the upstream 
gas before it comes near enough to pick 
up the longer wavelength radiative 
heating and eventually the convective 
heating. 

What can be done about this? Right 
now, ballistic missile nose cones can be 
protected; so can the slightly faster 
Mercury capsule. Apollo looks feasible. 
Beyond that. Langley engineers frankly 
admit they don’t know the answers. 

One of the most important answers 
hopefully will define the shape of the 
radiative and pre-radiativc heating rate 
curves by tieing down the proper ex- 
ponent of velocity to use. Is it 13, or 
20, or where docs it lie between? 
Langley researchers hope to find out. 
Trailblazer 

Firings made with the six- and 
seven-stage Trailblazer rocket vehicles 
arc planned to produce ballistic-missile 
re-entry speeds so that radar signatures, 
and other radar and optical measure- 
ments may be made. The program is a 
cooperative one, with NASA getting 
funds from Defense Department’s Ad- 
vanced Research Projects Agency by way 
of Lincoln Laboratory at the Massachu- 
setts Institute of Technology. 

Flight path of the Trailblazer shots 
is called a “boomerang” trajectory; the 
vehicle climbs out from the Wallops 
Station launching site under the thrust 
of the first two or three stages. It coasts 
over the top of the trajectory and then 
is turned to head toward, but not at. 
Wallops. The remaining stages fire on 


the downward leg to produce the re- 
quired velocity, and the re-entry event 
occurs about 150 mi. slant range from 
the launch site. 

Trailblazer- 1 is a six-stage, solid-pro- 
pellant rocket vehicle about 56 ft. long, 
weighing 7,700 lb. The first three- 
stages— Honest John, Nike and TX-77 
Lance boosters— carry the final stages 
to peak altitude of about 200 mi. Re- 
entry speeds are produced by a T-40, 
T-55 and a 5-in. spherical rocket motor 
fired on the downward leg. One experi- 
mental Trailblazcr-1 shot added a 
shaped-charge accelerator as a seventh 
stage to get a first look at meteor veloci- 
ties near 34.000 fps. Eleven out of 13 
Trailblazcr-1 shots fired have produced 
useful data. 

Standardized Vehicle 

Trailblazer-2 has been standardized as 
a four-stage vehicle using an XM-33 
Castor first stage with two Recruit 
rocket motors and a second-stage TX-77 
Lance to boost the other two stages to 
200 mi. altitude. Standard third stage 
is the X-248 Altnir motor, and the 
fourth stage is a NASA-developed 15-in. 
diameter spherical motor. For the first 
shot, a fifth-stage, five-inch spherical 
motor and a sixth-stage shaped-charge 
accelerator were added, to produce a re- 
entry velocity of 47.000 fps., highest 
yet achieved artificially. Two more 
Trailblazer-2 shots arc currently schcd- 

Purpose of the firings with the five- 
stage Scout is to study the performance 
of protective materials. The re-entry 
package is instrumented and protected 
with a Teflon ablative layer which is 
transparent to radio frequencies. Veloc- 
ity range being studied lies between 
26,000 and 30,000 fps. During the re- 
entry, the ionization sheath prohibits 
telemetry transmission from the pack- 
age. To remedy this, NASA uses an on- 
board, continuous-loop tape recorder 
which picks up data and plays it back 
after 60 sec. Since the blackout doesn’t 
usually last that long, return of data 
taken during the blackout is assured. 

Five-Stage Scout uses the standard 
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Scout vehicle with the addition of a 
17-in. spherical rocket motor originally 
developed by Naval Ordnance Test Sta- 
tion at China Lake, Calif. The re-entry 
package and its instrumentation are 
built around the rocket motor. The 
first two stages arc fired on the way up, 
and the last three produce re-entry 
speeds by thrusting on the downward 
leg. 

Peak altitudes are on the order of 
700,000 ft. (132 mi.). 

Purpose of Project Ram— Radio At- 
tenuation Measurements-is to find 
ways of combating the communications 
loss that occurs during re-entry. Wind 
tunnel studies and flight tests with two 
different rocket vehicles arc being used 
as experimental techniques. Primary 
objective of the program is to determine 
how the ionized flow fields interfere 
with communications, data transmission 
and radar tracking. 

One recent flight used a recoverable 
camera pod mounted on the second 
stage to get photographic coverage of 
the mixing region of the booster ex- 
haust and the vehicle flow field. Pic- 
tures were taken during the flight from 
launch to burnout of the second stage. 
Ejection of the camera pod and its re- 
covery at sea followed. 

The film showed the time history of 
exhaust growth with altitude. This was 
known and understood; but the pictures 
revealed a formerly unknown phenom- 
enon. A bright ring appeared at the 
edge of the exhaust image at the same 
time the loss in telemetry signal oc- 
curred. Analysis of the pictures showed 
the ring to have been caused by inter- 
action of the rocket exhaust and the 
vehicle flow field, forming a localized 
region of increased ionization. This 
caused the interference with telemetry. 

Ram-A vehicle is a four-stage solid- 
rocket unit, made up of a castor plus 
two Recruits for a first stage, two Scats 
as second and third stages, and a single 
Recruit for the fourth stage. 

Ram-B uses a 41-ft. long, three-stage 
modified Scout with an Aerojet Junior 
first stage, Antares second stage and 
Aerojet third-stage booster. 

Project Fire, subject to a negotiated 
contract between NASA and Republic 
Aviation Corp., is intended for the ex- 
ploration of heating at hvperbolic 
velocities greater than 36,000 fps. It is 
a sizable project, both in scope and in 
cost; an initial $3 million has been ear- 
marked to buy payloads. 

Fire vehicle will be the re-entry 
spacecraft powered by an advanced An- 
tares solid-propellant rocket engine. 
Spacecraft and velocity' package will be 
launched from Cape Canaveral by a 
standard Atlas D booster. Terminal im- 
pact area will be in the vicinity of As- 
cension Island; the spacecraft will not 
be recovered. 
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Wallops Key in NASA Research Circuit 


Flexible facilities at launch site used for 250 shots 
yearly; competence built in tracking, acquisition. 

Wallops Island. Va.— Wallops Station, an operating base for scientific 
experimentation with rocket-propelled vehicles, performs an essential feed- 
back function in National Aeronautics and Space Administration's research 

Primarily, the job of the station is to conduct tests, and to support test 
activities with instrumentation development, launch facilities, tracking and 
data acquisition and recovery of the payloads. 

Working under assignment from experiments into a speed or altitude 


NASA headquarters, the station per- 
forms a wide variety of experiments for 
NASA centers and for other groups 
both in the American and foreign sci- 
entific community. 

In this testing function, it helps to 
close the loop that runs through re- 
search and development of satellites, 
of scientific payloads, and of experi- 
ments in the new sciences of space. 

Behind the formal language of the 
mission statement for Wallops Station 
is a long list of jobs done over nearly 
20 years in the business of boosting 


„ Jt reachable by other r 
A long time ago. it was the Pilotless 
Aircraft Research Division of Langley 
Memorial Aeronautical Laboratory and 
its head was Robert R. Gilruth, now 
director of the Manned Spacecraft 
Center. Then its workload consisted 
of firing basic shapes and airplane mod- 
els to measure transonic drag and flight 
characteristics in the low supersonic 

Now its work includes experiments 
which recently created the fastest-mov- 
ing made-made object; shots using a 


seven-stage rocket; checkout shots for 
the Echo satellite; and hundreds of 
tests related to Project Mercury. From 
Wallops, two satellites have been or- 
bited, using the Scout solid-propellant 
rocket. To Wallops, foreign countries 
have sent teams to stay, to study and 
to do experiments under the watchful 
eyes of experienced NASA launch 

In director Robert Krieger’s office 
hangs a citation addressed to him and 
the personnel of the station for one 
unscheduled mission: aid and comfort 
to the victims of this year's late-winter 
stonns that tore and flooded the At- 
lantic Coast. Wallops personnel eared 
for several hundred people who had 
been evacuated from danger areas and 
flown into the mainland base where 
they were housed in the hospital and 
other pennanent buildings until the 
Red Cross was able to take over in aid- 
ing the storm victims. 

Since its inception, this all-civilian 
range— the only one in the world— has 
launched close to 5,000 experiments. 
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Current rate runs about one shot per 
day good weather, or 2 50 annually. 

Among the typical experiments done 
by Wallops crews was the series of six 
checkout shots related to the Echo 
passive communications satellite. The 
launches were intended to prove out the 
system of ejection of the deflated and 
folded sphere, and to follow that with 
a demonstration of the actual inflation. 
Several sizes of spheres were used for 
the purpose, both for convenience and 
to provide some scale effects as fall-out 

Saturn Test 

When the second Saturn blasted tons 
of water into space to build an ice-crys- 
tal cloud that could be seen for miles, 
its success hinged partly on a similar 
test done at Wallops about three 
months before in order to check the 
technique and the hypothesis. 

The re-entrv physics shots under 
Langley’s Project Ram, Trailblazer and 
five-stage Scout are all done here. The 
Explorer 9 and Explorer 15 satellites 
were orbited from Wallops by Scout 
rockets. 

Apart from the capability of launch- 
ing vehicles, Wallops has also devel- 
oped a strong competence in tracking 
and data acquisition. The prototype 
Mercury tracking station, located here, 
is used to test proposed changes or new 
developments in the system. The sta- 
tion also is the principal East Coast 
tracker for the 1 iros weather satellites. 

A major role of the station is in edu- 
cation and training of other groups who 
come to Wallops for initial guidance. 
Earlier, the groups were from American 
universities and research institutes that 
became associated with upper atmos- 
pheric studies or similar projects. Wal- 
lops technicians worked with them, 
aided them in assembling vehicles for 


Wallops Station 

NASA’s Wallops Station is located on 
a small island off the Virginia coast near 
Chincoteaguc, and on the nearby main- 
land. The launching site for small boost- 
ers and sounding rockets is on the island; 
the mainland site includes offices, shops 
and tracking facilities. 

Total area occupied by NASA is 
4,335 acres. Value of the plant is $24,- 
173.000. 

Operating cost for Fiscal 1962 was 
$7,546,000; for this Fiscal year. NASA 
asked for an increase to $10,126,000. 
Construction program last year cost $7,- 
965,000; this fiscal year's construction is 
budgeted at $4,300,000. 

Wallops Station staff, which totaled 
399 for Fiscal 1962, was budgeted at 
440 in NASA's request for Fiscal 1963 
authorizations. 


their firings, and helped them through 
the countdown and launch. 

Now the groups that come to Wal- 
lops are from other countries, 36 of 
them at the last count. Twelve foreign 
groups came because they planned to 
establish their own national ranges. 
Four countries sent teams to stay at 
Wallops, in residence, working on a 
day-bv-dav basis with the resident tech- 
nicians until some of the expertise had 
been transferred. 

Five countries har e come to Wallops 
for the purpose of joint experiments or 
for conducting their own experiments 
for correlation. Most recently, there 
was a scries of joint shots with Japanese 
technicians. 

Pakistan sent a team which stayed 
six months learning the business. Then 
advisers from Wallops went to Pakistan 
to serve as consultants while the Pak- 
istani set up their own range and 


launched some initial sounding rocket 
shots with sodium-vapor cloud experi- 
ments. The same routine was followed 
with a group of Italian technicians 
from their range in Sardinia. A Swedish 
team has just left Wallops, after being 
in residence there for some time. Pre- 
sumably, a similar routine will follow 
for starting the Swedish range. 

But in spite of the increased pace of 
activity here, the programed growth of 
the station is not rapid. The major rea- 
son is the flexibility of the existing fa- 
cilities. Wallops now has five launch 
sites but they serve multiple uses and 
utilize multiple launchers— one has an 
even dozen of them. One pad handles 
Scout exclusively, and another is 
planned as the tempo of that program 
increases. Another is exclusively for 
Trailblazer shots now. 

Pads, tracking stations and the rest 
of the buildings associated with the op- 
erations are located on Wallops Island; 
the remainder of the administration and 
supporting facilities are on the main- 
land, at the old Chincoteaguc Naval 
Air Station. NASA fell heir to the in- 
stallation in a move aimed primarily at 
keeping the local economy at a constant 
level. 

Now Wallops officials are beginning 
to see the Chincoteaguc takeover as a 
godsend instead of as a white elephant. 
Shortly after acquiring the site, a team 
went over every square foot of building 
and ground space, evaluating it against 
foreseeable plans for NASA. They con- 
demned and later disposed of more than 
200 buildings, mostly wooden “tempo- 
rary” structures that are built to last 
for five years but used for twenty. What 
is left largely consists of more-perma- 
nent brick buildings, and NASA is 
gradually working into them, rehabili- 
tating them and moving in as the staff 
and facilities expand. 



RADIO ATTENUATION MEASUREMENT (RAM) experiment is readied for launch at Wallops. Inset shows experimental nose cone. 






COST & LEAD 
TIME REDUCED 



LARGEST ROCKET MOTOR CASE made of Lamtex HYSTRAN nears completion as automatic 
filament winding machine applies final layers of fiberglass and epoxy resin to attach handling and 
supporting skirts at both ends of case. 


Lamtex Produces Largest Fiberglass 
Reinforced Plastic Rocket Cases 

FARM1NGDALE, L. I., N. Y-— Solid propellant rocket motor cases of reinforced plastic larger than any 
previously produced have been developed and manufactured here by Lamtex Industries, Inc. The 22- 
foot long, 5S-foot diameter cases are made of HYSTRAN, Lamtex’s exclusive filament wound reinforced 


Development And Production 
Costs Cut 50% 


FARM1NCDALE, L. I„ N. Y.- 
The record-size rocket motor 
cases of HYSTRAN reinforced 
plastic made by Lamtex Indus- 
tries, Inc. substantially reduce 
costs and delivery time as com- 
pared to conventional cases 
made of steel. 

Development costs for a typ- 
ical HYSTRAN case are one- 
quarter those for a similar steel 
case. Production costs for the 
plastic cases (after all develop- 
ment, tooling, and design modi- 
fications have been completed ) 
are expected to be one-half those 
for comparable steel cases. Tool- 
ing costs for the HYSTRAN 
cases are approximately one- 
quarter those for steel cases. 

Plastic: 5 Months 

Steel: 24 Months 

The large reinforced plastic 
cases produced at Lamtex were 
delivered five months after the 
start of the program, including 
all development, tool design, and 
fabrication. By contrast, the de- 
livery lead time required for 
comparable steel eases is in the 
area of 24 months. While the 
delivery time for production- 
model steel cases (after all tool- 
ing and final designs have been 
completed ) is about nine months 
after ordering, Lamtex can de- 
| liver production-run HYSTRAN 
cases in two to three months. 



Wound in one piece, Lamtcx's 
HYSTRAN rocket motor case in- 
cludes precisely located, wound- 
in aft ports fitted with nozzle 
blast tube hardware. 


plastic. 

These lightweight structures 
were produced for Thiokol 
Chemical Corp. as part of a 
Process Development Program 
to investigate reinforced plastics 
for use in * large rocket motor 
cases. The program is sponsored 
by the Air Force Systems Com- 
mand, Manufacturing Technol- 
ogy Laboratory, Chemical Engi- 
neering Branch. 

Greater Strength Per Pound 

An outstanding advantage of 
the HYSTRAN reinforced plas- 
tic cases over conventional cases 
made of metal is their much 
higher strength-to-weight ratio. 
In a conservative, prototype de- 
sign, Lamtex reinforced plastic 
cases carry a weight only 87% 
that of comparable steel cases. 
A more sophisticated, flight- 
weight design is expected to re- 
duce weight further to just 60% 

Design And Performance 

Additional advantages result- 
ing from the use of HYSTRAN 
for rocket motor cases include: 
Thermal insulation, inherent in 
reinforced plastic, as contrasted 
to the conductivity of metals. 
During Right, HYSTRAN also 
resists scorching friction heat— 
usually without any special ex- 
ternal insulating materials. 


Superior corrosion resistance. 
The same resins used in HY- 
STRAN are frequently applied 
to metallic structures to improve 
corrosion resistance. 

Safety lacking in metals, because 
this reinforced plastic is non- 
magnetic and non-sparking. 
Impact and shatter resistance. 
A basic characteristic of HY- 
STRAN is its relntive flexibility, 
providing high impact resist- 
ance to shocks and blows. 
Built-in msulatmtt liners are an 
integral part of HYSTRAN fila- 
ment wound cases. Additional 
special inside liners are not re- 
quired prior to casting of the 
propellant. 

No notch sensitivity exists in 
HYSTRAN structures, alleviat- 
ing a problem which plagues all 
high strength-to-density metallic 
structures. 

Make Own Equipment 
Lamtex Industries, producer 
of these record-size rocket motor 
cases, designed and built its own 
filament winding machines, since 
no standard machinery or proven 
procedures existed. As an indus- 
try' recognized leader in this new 
field, Lamtex has pioneered the 
design of filament winding 


equipment, including new servo- 
controlled machines. 

Quality And Reliability 
Are Important 

With new materials and tech- 
niques being developed almost 
daily, continuous testing and 
quality control are necessary to 
insure the high degree of re- 
liability required. A typical ex- 
ample of this involved the 
aetual filament winding of a sub- 
scale model to test a new, super- 
high-strength fiberglass for use 
on the large case. 

Other Plastic Products 

Lamtex is currently producing 
high quality reinforced plastic 
products for a wide range of in- 
dustrial, commercial and military 
applications. Included are such 
products as filament wound pipe 
and tubing, torpedo battery 
cases, radomes, nose cones, high 
voltage insulators, pressure ves- 
sels, high strength undersea 
structures, antenna towers, com- 
pression and vacuum molded 
parts, rocket launcher tubes. A 
host of vital space-age programs 
utilize Lamtex products — in- 
cluded are POLARIS, PER- 
SH1NC, MERCURY, VORTAC, 
BOMARC, MINUTEMAN, 
RANCER, SCOUT, NIKE- 
ZEUS, LAW and a variety of 
NASA projects. 


L-A-IISZLTEIIX: 

Motor Avenue, Farmingdale, L. I., N.Y. 



HIGH-ENERGY fuel rocket engine, using liquid hydrogen and fluorine, is readied for test firing in ncar-s 


Lewis Aims at Future Propulsion, Power 


Center explores chemical, nuclear and electric en- 
gines, technologies to support future spacecraft. 

Cleveland— Propulsion and power systems for future space probes and 
spacecraft are twin goals of the major effort at the Lewis Research Center. 

In these broad areas, the job is to create things that will lead to programs 
10 years from now. “We’re aiming toward the future,” says Dr. Abe Silver- 
stein, director of Lewis, “toward Saturn C-5 types of spacecraft in orbit for 
civilian or military purposes. For these, you need a power source and you 
need propulsion. They have to have long life and high reliability. Our job is 
to find out how you get them.” 


For today and the immediate future. 
Lewis researchers arc deep in a variety 
of support tasks tied to such national 
programs as the Apollo manned lunar 
expedition, the supersonic transport, 
and the Nerva nuclear rocket. 

These latter jobs forced a shift in the 
traditional approach of Lewis toward 
its work. Once almost entirely devoted 
to propulsion research, Lewis now adds 
to that job the management of devel- 
opment projects, such as the planned 
Apollo lunar-landing module, a specific 
responsibility assigned to it by National 
Aeronautics and Space Administration 
headquarters. Lewis got the job because 
the propulsion system dominates the 
module. The task of the center would 
include management of the contract 
work that will be done, in-house techni- 
cal support, systems and engineering 
evaluation, quality assurance, and a 
number of other jobs that are a far cry 
from research on air-breathing engines. 

These new technologies of manage- 

search scientists are strangers. Conse- 


quently, the center has the job of 
"retreading” many of its specialists in an 
educational program that teaches the 
specific probiems connected with man- 
agement activities. 

Management Structure 

This spectrum of work demands a 
broader organizational structure than 
tradition has developed at many NASA 
centers. Last February, Silvcrstcin an- 
nounced a new management structure 
for the Center which split the house 
into research-oriented and development- 
oriented divisions. 

Silverstcin’s deputy director and 
long-time associate, Eugene |. Man- 
gauicllo, holds a second position as as- 
sociate director for research. Bruce T. 
Lundin is the associate director for de- 
velopment. In their two sets of divi- 
sions is the bulk of the work at Lewis. 

The balance of personnel still favors 
research— about 900 professional people, 
compared with about 550 in develop- 
ment divisions. 

Naturally there is some overlap. 


There is in-house research on the de- 
velopment side, chargeable to the need 
to maintain scientific and technical 
competence, and development work on 
the research side, in support of work on 
specific projects. 

Interwoven through this work is ex- 
haustive testing, today on a more-com- 
plex level than ever. Parts of the test 
programs still are done at the center 
site: but other parts involve toxic prod- 
ucts, dangerous chemicals or nuclear 
mdiation, and can only be done at re- 
mote areas. For this purpose, Lewis 
operates the Plum Brook Research Sta- 
tion near Sandusky, Ohio, about 50 mi. 
from the center. 

These operating divisions of the 
Lewis Research Center receive their 
support from the standard administra- 
tive and service organizations. 

There is one organization not shown 
on the chart that is attached to Lewis 
for housekeeping purposes. It is the 
Cleveland Extension of the Space Nu- 
clear Propulsion Office, a joint opera- 
tion of NASA and the Atomic Energy 
Commission. Its functions include di- 
rection of contractor work on the Rover 
nuclear rocket program, as assigned by 
the SNPO. and maintaining technical 
liaison with nuclear propulsion research 

With air-breathing propulsion sys- 
tems out of the house now-"we got gas 
turbines up to Mach 4 long ago,” says 
Silvcrstcin— Lewis propulsion research 
centers on three types of systems: 

• Chemical propulsion, which starts 
with fundamental analytical work in 
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chemical kinetics and goes through sys- 
tem concepts to detailed consideration 
of components such as pumps and tur- 
bines. tanks and insulation. Supporting 
materials work spans the temperature 
range from the elevated values in a 
rocket nozzle to the cryogenic figures 
in a fuel storage tank. Special prob- 
lems include combustion instability, 
supersonic combustion, solid-propellant 
rocket cutoff and restart. 

• Electric propulsion, which studies 
three tvpcs of engines: electrothermal 
(arc jet, resistance heater jet), electro- 
magnetic (plasma accelerators) and 
electrostatic (ion accelerators). One 
promising approach in this field is the 
electron-bombardment ion engine de- 
veloped at the center and scheduled to 
fly on the first SRRT (Space Electric 


Rocket Test) flight of a Scout rocket. 
Further work is being done on heavy- 
molecule engines, colloidal-particle en- 
gines and other advanced designs. 

• Nuclear propulsion, which includes 
basic reactor design, nuclear-electric 
conversion systems, reactor dynamics 
and similar projects. Lewis’ mission 
does not include management responsi- 
bility for the Rover nuclear propulsion 
program, which is assigned to the 
SNPO. Lewis supports the program in 
evaluation of technical studies and 
other consultative work. Applied re- 
search projects in the Center also sup- 
port Rover extensively. Examples are 
nozzle studies, single- and two-phase 
heat transfer studies, and film- and 
nucleate-boiling studies. Additional 
theoretical work is being done by 


groups at Lewis in the field of particle 
physics and heat transfer. Tire nature 
of this work is general, but it might 
lead to specific applications. 

Related Areas 

Once the systems concept is applied 
to a propulsion scheme, it traces its 
lineage back through the engine, 
through pumps and valves and lines to 
the tanks. In space systems, radiators 
add another portion. 

One major area in which Lewis has 
prime responsibility for development 
and a project to manage is in the gen- 
eration of power in space. Currently, 
the center manages the Snap-S. a 50- 
kilowatt power-generating system for 
deep space missions. 

"But we’re also looking to powers 
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very much greater than 50 kw.," said 
Silvcrstein. “When you send a space 
probe as far off as Jupiter, you need 
power levels in the megawatt range 
to send data back.” 

In space, most of the heat made is 
wasted and has to be rejected. The 
only way to do this is by radiation cool- 
ing. "So radiator weight becomes al- 
most the key factor.” Silvcrstein said. 
"And we’re talking about acres of radi- 
ating surface now. You want thin- 
walled radiators: but what about the 
meteoroid problem? How about liquid 
metal corrosion in the radiator tubes? 
These arc the kinds of problems we 
keep trying to solve.” 

Long space voyages mean operations 
for 20,000 to 50.000 hr. at tempera- 
tures never used before with materials 
newer tried under those temperatures. 
The space vehicle operates over a tem- 
perature range from the cryogenic to 
several thousand degrees in the nozzle. 
It runs on molten metals for working 
fluids. It may be hit by meteoroids, or 
subjected to severe closes of radiation. 
Its surface finish may be changed as 
much by sputtering— losing atoms and 
molecules through collisions with par- 
ticles— as it would be by meteoroid 
holing. 

This environment generates new 
sets of requirements for every type of 
work done at Lewis. Metallurgists, once 
used to the simpler problems of high- 
temperature materials for gas turbines, 
have to turn to extremes at both ends 
of the temperature scale besides sub- 
jecting their test specimens to nuclear 
radiations. Test installations have to 
run at hard vacuum levels not reached 
before, and artificial sunlight and heat 
sinks have to be created. 

On a more mundane level, Lewis 
metallurgists have been contributing a 
major share of the country’s effort in 
materials choice and development for 
the supersonic transport. I Icre the work 
centers on screening alloys of steel and 
titanium and on testing some of the 
high-temperature alloys such as Relic- 
'll under conditions that begin to 




approximate those which the supersonic 
transport will impose. 

Other support work at Lewis for the 
supersonic transport program includes 
some analytical studies of propulsion, 
but there is no current program for 
propulsion system tests or development. 

The development divisions under 
Bruce Lundin are built around a core 
of five project management offices for 
these projects: 

• Apollo lunar-landing module. This 
office was to have the management job 
if this module remains in the Apollo 
program, and handle all contractual 
work as well as plan in-house support 
jobs. The module has an entirely new 
degree of sophistication: the engine has 
to start, stop, throttle, control attitude 
and orientation for periods up to 15 
min. of running time. Thrust of the 
rocket will be on the order of 50,000 
lb. The rocket has to live in a different 
environment from any previous pro- 
pulsion system. There is a thrcc-dav 
cold soak’ on the way to the moon, and 
the lunar environment imposes a differ- 
ent set of conditions on top of the 
restrictions imposed by the operational 

• Chemical rocket propulsion. Most 
of the work handled in this division is 
contractual, and is aimed at advancing 
the technology. 

• Electric propulsion. About 50 con- 
tracts to be monitored comprise the 
major effort here. This work was 
transferred from Marshall Space Flight 
Center because of Lewis' in-house com- 
petence in electric propulsion on the 
research side. The group there is prob- 
ably the largest working on electric 
propulsion in the country. 


• Nuclear electric power generation. 
This is the office charged with manage- 
ment of the Snap-8 program. It also is 
monitoring contracts and Lewis Re- 
search on liquid metal properties, com- 
patible materials, heat transfer, etc. 

• Solar and chemical power. This group 
assigns programs in the areas of thermi- 
onics, solar dynamics, fuel cells and 
batteries, and lets contracts for in- 
dustrial work on various related subject 

One of Lundin’s most important divi- 
sions is concerned with reliability' and 
quality assurance. Functions of this 
group include establishment of spe- 
cifications for environment, test ac- 
ceptance, quality and similar subjects. 


Management Training 



cring the facilities, services, projects in 
the research and development divisions, 
where they arc done and who is doing 


For morc-cxpcricnccd employes, tlicr 
arc fonr technical seminars on cliemic; 
propulsion, electric power production i 
e, electrical propulsion, and PKRT. 
Purpose is to bring the present staff up- 
to-date on current states of technologies 
outside their own specialist fields. 
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LEWIS RESEARCH CENTER scientists install a cesium-fueled ion engine in a vacuum chamber, left, to study operating characteristics of 
electrical propulsion systems in space. At right, a plasma rail accelerator is operated in a bell jar rig. 


Advanced Space Engines Evolve At Lewis 


Cleveland— Roar ol large turbojets and the liowl of ramjets have been 
replaced at the Lewis Research Center by the noiseless thrust production of 
electric rockets in high-vacuum tanks. 

The research team that was responsible for pioneering work in turbojet 
afterburners, thrust reversers and noise suppressors, in transonic compressor 
design and the development of supersonic compressors and efficient inlets for 
engines, still directs its effort to the myriad problems of propulsion today. 


But the problems and the power- 
plants now are different. Even the 
names of the buildings have changed, 
although in one case the initials have 
stayed. What used to be the Engine 
Propeller Research Building in 1942 is 
the Electrical Propulsion Research 
Building in 1962. 

The old altitude wind tunnel has 
been turned into a large space chamber. 
30 ft. by 100 ft., which has been 
pumped down to 10~' mm. of mercury 
pressure. Engineers arc looking at the 
larger section upstream of the old 
throat, where they say they can put a 
40 ft. by 110 ft. chamber with a double 
wall and a stainless-steel liner, and go 
to even harder vacuums. 

The immediate past has seen Lewis 
participation in a number of projects 
still classified as propulsion research, 
but with applications far above the 
highest altitudes that the researchers 
dreamed of a decade ago. 

The stabilization and control system 
for Mercury capsules was a Lewis re- 
sponsibility as a subsystem manager 
High-energy fuel technology— specific- 
ally for upper stages of such vehicles as 
Centaur and Saturn— has filled the work 
schedules at this Center. Electric pro- 

E ulsion methods and developments 
ave joined the chemical rocket work 


here, and have acquired major status 
at the Center in a very short time. 

As in other Centers, Lewis’ problems 
have been those of transition to new 
fields of work with people whose ex- 
perience lay in the more traditional 
areas of propulsion. 

The work of this Center touches three 
areas of propulsion: chemical, nuclear 
and electric. By the broad definition 
of terms, propulsion systems include 
tanks, lines, pumps, valves, turbines, 
turbopumps, thrust chambers, insula- 
tion, materials, propellants, igniters and 
anything else conceivable that plays 
some part in producing thrust. 

Electric Propulsion 

Theoretical mission analyses have 
shown that there are long-range, long- 
duration missions that can only be per- 
formed efficiently by electrical propul- 
sion systems. There is considerable 
promise in these systems for less de- 
manding missions also, from earth-orbit 
path adjustment to deep-space instru- 
mented probes. 

Thrust for these systems is produced 
by what is generally termed an electric 
rocket engine. Experimental and the- 
oretical w r ork on these engines has de- 
veloped a group of three types which 
are related: 


• Electrothermal rocket, which uses an 
electrical heating system, such as an 
arc or a resistance heater, to heat a 
gaseous propellant. The rest of the 
cycle is conventional— the heated gas is 
accelerated by means of a conventional 
nozzle to get the thrust. Specific im- 
pulse of this class of engines goes up to 
about 1,200 sec. Examples of this 
type are the Avco arc-jet or plasma-jet 
engines. 

• Electromagnetic rocket, which uses 
an electromagnetic field to accelerate a 
plasma— an ionized gas mixture of elec- 
trons and ions— to produce useful 
thrust. Specific impulse values extend 
upward from the 1,200 sec. of the elec- 
trothermal rockets. 

• Electrostatic rocket, which uses an 
electrostatic field to accelerate ions to 
produce thrust. In this type, elec- 
trons must also be injected into the 
exhaust to neutralize the charge and 
produce useful thrust. Specific impulse 
is on the order of several thousand 
seconds. Status of these engines in de- 
velopment is well ahead of the electro- 
magnetic type, and because of their 
high specific impulse values, they de- 
mand more attention in the deep-space 
mission area than the arc-jet electro- 
thermal type. 

Consequently, the major portion of 
the work of Lewis’ electrical propulsion 
group, the largest in the country, is 
centered on the various sub-types of the 
electrostatic engine even though it 
maintains an interest in the other types. 

First of the electrostatic engines to 
fly in the SERT (Space Electric Rocket 
Test) experiments will be the electron- 
bombardment ion engine conceived by 
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Lewis’ Harold R. Kaufman. This engine 
grew out of a research project aimed 
at finding an efficient source of ions for 
electric rockets. Lowest power consump- 
tion for ionizing atoms comes either 
from electron-bombardment or contact- 
ionization method. In the latter- 
being used also by Hughes and Elec- 
tro-Optical in their electric rocket dc- 
signs-thc propellant atoms are ionized 
by contact with heating elements. In 
the electron-bombardment method, the 
atoms of propellant arc forced to col- 
lide with electrons, generally produced 
by electric arcs and held by strong 
magnetic fields in a spiral path to in- 
crease the possibility of collision. 

Kaufman found that he could pro- 
duce ions efficiently without electric 
arcs and with a low' magnetic-field 
strength. He used mercurv-vapor pro- 
pellant, led into an ionizer chamber 
where an electron emitter filament fur- 
nished the electrons for collisions. A 
magnetic field was maintained around 
the chamber; the electrons drift to 
attach to a part of the chamber which 
is held at a slightly higher electrical 
potential than the charge needed to 
accelerate. The ions formed start to 
move toward a grid and are further 
accelerated by a difference in potential 
between the grid and the accelerating 
electrodes at the end of the ionizer 
chamber. 

Total energy used is the sum of the 
power required to emit and accelerate 
the ionizing electrons and to maintain 
the magnetic field. NASA says that 
83% of the mercury atoms are ionized 
at a specific impulse of 5,500 sec. 

Second sub-tvpc of electrostatic en- 
gine is essentially a Kaufman electric 
rocket which is being designed to use 
heavy molecules— hopefully some day 
with molecular weights in the thou- 
sands— in place of the mcrcurv-vapor 
propellant. Such an engine is being 
built for preliminary testing now. 

Colloidal particles made up of many 
molecules have been proposed as alter- 
nates to the large atoms of cesium 
and mercury that have characterized 
electric rocket propellants up to now. 
Production of these particles within 
narrow size limits is one of the major 
problems with this type of engine. But 
Lewis’ Carl T. Norgren devised a 
scheme for generating colloidal particles 
from mercuric chloride or cobalt chlo- 
ride vapors by running them through 
a subsonic and then a supersonic nozzle 
to condense out the particles. Analysis 
has shown that the particle size is held 
within very narrow limits and that there 
is a high degree of conversion of the 
vapor to particles. 

This colloidal-particle engine is con- 
sidered as the third sub-type of the 
electrostatic rocket and is believed to 
have great potential. 

Kaufman’s engine has been tested at 


Lewis to establish compatibilitv with 
the power supply, to check the long- 
duration performance, and in general 
to get it ready for the SERT shot. Pur- 
pose of the rocket test is to find out 
about electrostatic rocket engine opera- 
tion in space, particularly whether or 
not the ion exhaust can be neutralized 
by the injection of electrons. 

Beyond this flight test, two full-scale 
engines are being developed for tests 
in the Lewis vacuum facility. These 
non-flyablc engines will include most 
of the system to make the tests as real- 
istic as possible. 

One engine is an array of 1 0 contact- 
ionization engines developed at Lewis, 
and will draw about five kilowatts of 
power. The other is an array of 12 
Kaufman engines drawing 30 kvv.— the 
power rating of the Snap-8 system. 
Theoretical Work 

Beyond the experimental develop- 
ment and test of these powerplants is 
a large amount of work on theoretical 
and experimental work aimed at im- 
proved systems for electrical propulsion. 
One combines a heavy-molecule elec- 
tric rocket with a radioisotope gener- 
ator. By using a balloon-type structure 
for a space vehicle incorporating this 
system, NASA scientists believe the in- 
stalled weight of the powerplant could 
be brought down as low as half a pound 
per kilowatt, and make 30-dav trips to 
Mars possible. 

Major worry in the design of power- 
plants for upper-stage propulsion sys- 
tems has been what happens to the fuel 


under conditions of zero gravitv. Theo- 
retically, surface tension is the only in- 
fluencing force left in the environment 
of zero-gravity, and the fuel should 
form itself into a neat sphere. What 
happens in practice may be exactly the 
same or completely different, depend- 
ing on the circumstances. 

For some time, Lewis researchers 
have been studying fluid behavior in a 
zero-gravity environment using the tools 
available: an aircraft, a drop tower and 
rocket flights. 

The aircraft is an ex-Navy North 
American A2J, whose bomb bay has 
been converted into an environmental 
laboratory for zero-g studies. The bay 
is big enough to take a man plus a 
package of experiments. The experi- 
ments are encased in a large Styrofoam 
block so the package can bang around 
without smashing either the c | ent 
or the airplane. 

The drop tower is a lOO-ft.-high fa- 
cility which allows an experimental 
package to be dropped into a sandbox. 
Energy-absorbing spikes take the brunt 
of the impact and make the payloads 
recoverable. Plans are under way to ex- 
tend the drop capabilitv by building a 
400-ft. tower completely underground 
some time after Fiscal 1963. 

Five Aerobee rockets have been fired 
for zero-gravity tests of liquid hydro- 
gen, and four more arc funded for com- 
pletion of the program. Three will be 
fired during Fiscal 1963; the fourth was 
to have been fired before the end of 
June this year. 

Late this summer an additional zero- 
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gravity flight is scheduled in which a 
Lewis experiment will fly as a piggy- 
back package on an Atlas. 

The value of these rocket tests has 
stimulated the in-house development of 
a two-stage, solid-propellant rocket for 
extended zero-gravity tests. The vehicle 
will be able to handle a payload be- 
tween 500 and 1,000 lb., about 30 in. 
in diameter, and will subject it to 5 to 
10 min. of zero-gravity operation. 

On Lt. Cdr. Scott Carpenter’s or- 
bital Mercury flight, one experiment 
was a zero-gravity type devised by Lewis. 
It consisted of a spherical container 
about five inches in diameter with a 


one-inch diameter standpipe inside ex- 
tending about one radius into the cen- 
ter of the sphere. A green-tinted fluid 
filled about one-quarter of the con- 
tainer. Purpose of the experiment was 
to see if the fuel stayed in the stand- 
pipe during all the time of the zero- 
gravity period. The application of this 
experiment is obvious; it was planned to 
get long-time data to check on possible 
way of maintaining a constant fuel sup- 
ply at a pump inlet. 

All these experimental results show 
about the same thing: The fluid tries to 
take on the shape for minimum wetted 
area. In the presence of a standpipe, 


the equal-tension sphere is, of course, 
distorted by the geometry of the pipe. 
But the important thing is that the 
fluid continues to keep the standpipe 
wet so that in some future full-scale sys- 
tem, there will always be fuel at tne 
pump inlet when it is needed. 
Materials Studies 

One of the great areas for exploration 
lies in the metallurgy of the cryogenic 
temperatures and in the behavior of 
materials at these low values near ab- 

The application of this metallurgy 
will be largely to the tanks and lines of 
space vehicles using hydrogen propel- 
lant, either for chemical rockets such as 
Centaur, or for nuclear rockets such as 
Nerva. It starts with the problem of 
hydrogen embrittlement and fans out 
from there. 

Hydrogen, being the smallest of the 
atoms, will diffuse through cracks that 
are sub-microscopic. That was one of 
the problem areas on the Centaur. 
Liquid hydrogen diffused through the 
steel sandwich face of a bulkhead sep- 
arating the liquid hydrogen from the 
relatively "hot" liquid oxygen, and the 
insulating value or the sandwich drop- 
ped to nothing in the region of diffu- 

But the inclusion of hydrogen docs 
worse things than reducing insulation 
properties. It causes a phenomenon 
known as hydrogen embrittlement, in 
which the material gets more brittle 
because of the occlusion. One problem 
of Lewis metallurgists is to understand 
the embrittlement process and to see 
if anything can be done about it. 

Cryogenic temperatures change many 
of the customary and understood char- 
acteristics of materials to unknowns. 
The case of hypervelocity impact is an 
example. Micrometeoroids hitting a 
thin shield of steel or aluminum should 
go right through, leaving a pinhole, 
according to laboratory simulations. 
Small particles shear out a hole and— 
if the leakage can be handlcd-no more 
trouble develops. 

But cryogenic temperatures make 
most structural materials very sensitive 
to stress-raisers. Material tests at Lewis 
and elsewhere showed that the low 
temperatures increased the notch sensi- 
tivity of metals. So a simple test was 
devised at Lewis to check what hap- 
pens when a tank full of cryogenic 
propellants is struck by a micromc- 
teoroid. 

There was no elaborate hypervelocity 
impact range. The gun fired a standard 
.22-cal. bullet with an oversized case, 
producing the relatively low— for meteo- 
roids— velocity of about 7,000 fps. The 
tank was a small unit with some lique- 
fied gas inside. 

The result was a tremendous explo- 
sion and a shattered tank whose pieces 
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LEWIS ENGINEER studies spray characteristics for basic injector design criteria. 


were like shrapnel. “Now,” said one 
researcher, "what are we going to do?” 

Research programs are one answer, 
and there is an extensive one under way 
here in the testing of all kinds of 
materials at all kinds of temperature 
ranges for all kinds of powcrplants. 
There is technology in tungsten, sin- 
tered metals, dispersed metals, cermets 
refractories, plastics. 

At cryogenic temperatures, most con- 
ventional structural materials gain 
strength compared to their room tem- 
perature values. But they suffer a loss 
in brittleness and in notch sensitivity. 
Tests so far have indicated that stain- 
less steel is very good for cryogenic 
work, that titanium and glass fiber are 
outstandmglv good. 

So many of the Lewis scientific staff 
have come to their new areas of interest 
from others that they proudly wear the 
label of “re-tread." For example, the 
people who worked on compressors 
and turbines for turbojet engines 10 
years back, have become converted to 
the different, yet similar, job of pump 
research, where the same problem re- 
mains— how can the operating limits be 
increased without running into stall or 
cavitation? 

One of the big areas of effort in the 
Fluid System Components Division 
centers on the design of cryogenic 
pumps. Two major philosophies govern 
the approach. First, researchers arc try- 
ing for high work per stage, both on 
axial-flow and centrifugal-flow pumps. 
Second, they arc trying to exploit the 
unique characteristics of the cryogenic 
fluids to operate in the cavitating rc- 

It works this way: Liquids accelerated 
through a pump experience local areas 
of reduced pressure, such as over the 
back side of a pump impeller blade. If 
the pressure falls below the pressure at 
which the liquid boils, it will flash to 
vapor. For water, the flashed vapor 
takes up 1,600 times the volume of the 
fluid: but for liquid hydrogen, the vapor 


is only 52 times that of the fluid liquid. 
Properly designed, a pump can handle 
boiling hydrogen, Lewis research has 
found. It looks as if the same holds for 
liquid fluorine, also. 

Tire trick is to add an inducer up- 
stream of the first-stage impeller to get 
a small pressure rise without doing 
much work on the liquid. This pres- 
sure rise can be enough to rccondensc 
any vapor caused by cavitation. 

One unusual phenomenon is being 
investigated to help lick the problem 
of cavitation. By careful demineraliza- 
tion and outgassing of a liquid, it can 
be placed under tension, just like a 
solid material, and it resists the ten- 
dency to break apart. Liquids, of course, 
are commonly supposed to have no ten- 
sile strength: the experiments at Lewis 
hare shown that specially prepared 
fluids do have some measurable strength 
in tension, and there is a possibility 
that it may prove to be of some help in 
cavitation problems. 

Lubrication is an area where space 
environment adds a complicating fac- 
tor. Most lubricants depend on an ox- 
ide film between the bearing surfaces: 
this is easy to get in air, because every- 
thing oxidizes immediately upon ex- 
posure. But in space, there is none of 
this; in fact, liquid hydrogen is one of 
the best reducing (opposite of oxidizing) 
agents in that environment. Lewis re- 
search is leaning toward pre-coating of 
materials to provide lubricating films. 

The propagation of pressure and ve- 
locity waves in the lines between com- 
ponents of a liquid-propulsion system is 
a hard subject to understand, unless you 
happen to use classical electrical trans- 
mission line data. This satisfying dis- 
covery was made by Lewis scientists who 
were trying to find analytical solutions 
to the problems generated by disturb- 
ances in the flow such as might be 
caused by a right-angled bend. Some- 
body thought of electrical transmission 
lines as an analogy: the theory was 
checked and it worked. 


TRANSISTOR 

RECEIVING 

EQUIPMENT 

LOW AND VERY LOW FREQUENCIES 

• RECEIVERS 

Fixed and variable tuned, T.R.F. 
and superheterodyne, tor both 
terrestrial and space environ- 

• PRECISION TIMING WITH 
VLF RELIABILITY 

1. CAUVERTER 


VLF to HF converter for recep- 
tion of VLF signals on com- 
munications receiver. Output 
5.000 mes plus VLF frequency. 


2. VLF-18 

T.R.F. receiver with speaker and 
b.f.o. for phase coherent recep- 
tion of NBA standard time and 

3. RACLOCK 

100 kc. Loran-C system for 

PRECISION FREQUENCY 
COMPARISON 

1. VLF servo loop system 

2. LF 100 kc Loran-C system 

LOOP ANTENNAS 



Shielded, balanced, 



HIGH FREQUENCIES 

• RIOMETER — MARK 31 




now in operation world wide. 

• WWV PREAMPLIFIER 


Model PA-520 for mounting at 
the antenna. Gain of 33 db; Q 
of 100 at 5, 10, 15, 20 mes, 
simultaneously. Power from 
companion unit at receiver. 
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Nuclear Work Proceeds on Three Lines 


Nuclear systems technology in NASA is advancing along three salients 
aimed at propulsion and auxiliary power for advanced spacecraft of the 1970s. 

Each approach— the nuclear rocket, the conversion of nuclear energy to 
electric power, and the application of that electric power to propulsion— starts 
with the energy in the nucleus of the atom. 


Spacecraft now being planned around 
these system concepts are expected to 
perfonn long-range, high-payload mis- 
sions far beyond the capabilities of to- 
morrow’s chemical rockets. Applications 
of these systems to the upper stages of 
advanced chemical rockets now under 
development should give a substantial 
payload increase for near-Earth mis- 

NASA's work in nuclear systems 
takes three routes: 

• Project Rover, the U. S. nuclear 
rocket propulsion development pro- 
gram. This consists of three major 
projects: Kiwi reactors, whose develop- 
ment is expected to lead to the design 
of a flyable unit; Nerva engine, first of 
the nuclear rocket propulsion power- 
plants; and Rift, a flight-test operation 
of a Ncrva-powcred, upper-stage vehicle. 

• Nuclear-electric power conversion now 
primarily in the form of the Snap-8 
30-kilowatt powerplant development, 
with additional feasibility studies of 
much higher power levels. Goal of the 
Snap-8 program is a paired unit deliv- 
ering 60 kw. for about 50 lb. weight 
per kw. Ultimate goal of the power 
conversion program is to achieve figures 
of 10 lb. per kilowatt. 

• Electric propulsion, now being stud- 
ied in both system and component 


form. There are three general types of 
these engines: electrothermal, some- 
times called the arc jet engine; electro- 
static, generally called the ion engine, 
and electromagnetic, generally desig- 
nated the plasma engine. Each type 
seems to have specific areas where its 
perfonnance is an optimum. One ex- 
pected result of NASA studies will be 
analytical, ground and flight tests of 
these three different categories of en- 
gines to verify the performance claims 
made by their developers. 

Joint Effort 

Because these programs depend on 
the development of nuclear reactors for 
the basic energy source, much of this 
work currently is conducted as a joint 
effort by NASA and the Atomic Energy 
Commission. Electric propulsion is the 
exception now; its development is be- 
ing done with conventional electric 
power sources which have several ad- 
vantages for development programs, 
primarily their present availability. But 
application of these systems to space 
propulsion means that nuclear reactors 
will be the necessary energy source, and 
therefore at some future point these 
propulsion systems will be developed 
jointly by NASA and AEC just as the 
nuclear rocket is being managed today. 



ENGINE TEST STAND No. 1 at Jackass Flats, Nev., designed by Aerojet’s Aetron Division, 
will be used for first firings of Nerva nuclear rocket engine. 


NASA and AEC operate within 
broad legislation which defines the gen- 
eral scope of each agency’s responsibil- 
ity. AEC is responsible for “. . . con- 
ducting, assisting and fostering research 
and development in the field of atomic 
energy, including the utilization of spe- 
cial nuclear material to generate usable 
energy.” NASA’s responsibilities in- 
volve “. . . conducting the aeronautical 
and space activities of the U.S. for 
peaceful purposes.” 

These broad definitions apply in the 
areas of NASA’s nuclear systems devel- 
opment. AEC does research and devel- 
opment on the nuclear reactors and 
NASA has the job of research and de- 
velopment on non-nuclear components 
and sub-systems, and the responsibility 
for integration of the reactor into space- 
oriented propulsion and power-genera- 
tion systems. 

Both agencies signed a memorandum 
of understanding Aug. 26, 1960, which 
organized a single project office for 
Rover management. By the terms of 
the memorandum and later agreements, 
this joint office was named the Space 
Nuclear Propulsion Office (SNPO) and 
Harold B. Finger was named as its man- 
ager. 

Finger holds two jobs. In addition to 
being SNPO Manager, he is also Di- 
rector of Nuclear Systems in NASA’s 
Office of Advanced Research and Tech- 
nology. His Deputy is an AEC man. 
Finger reports to the Director of 
Launch Vehicle Programs, NASA, and 
the Director of the Division of Reactor 
Development, AEC. 

Two extensions of the SNPO were 
also established to simplify some of the 
management functions and technical 
liaison jobs. One of these is the Albu- 
querque (N. M.) Extension of SNPO 
(SNPOA), located near the AEC's Los 
Alamos Scientific Laboratory. The other 
is the Cleveland (O.) Extension of 
SNPO (SNPOC), attached to the Lewis 
Research Center for housekeeping pur- 

Both extension offices have the job 
of maintaining technical liaison with 
the nearby branch of either AEC or 
NASA. 

Each office also directs contractor 
work as assigned by SNPO, 

The Los Alamos laboratory reports 
technically directly to the SNPO on its 
responsibilities in the Rover program. 
It is responsible for reactor and reactor 
component research and development 
and for furnishing nuclear reactors for 
Rover. 

Test work for both reactors and en- 
gines will be done on the AEC’s Ne- 
vada Test Site at Jackass Flats. This 
facility, recently designated as the Nu- 
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clear Rocket Development Station 
(NRDS), is managed by SNPO. 

These four groups— at Albuquerque, 
Cleveland. Los Alamos and the devel- 
opment station— are directly responsible 
for all functions from planning to test- 
ing of the Rover program. 

Lewis Research Center, which is re- 
sponsible for research and development 
of all kinds of propulsion and power 
systems for space, plays a supporting 
role in nuclear propulsion and power 
systems. Lewis, which reports to the 
Office of Advanced Research Programs 
in NASA headquarters, works on proj- 
ects agreed upon by that office and the 
SNPO. The Plum Brook Research Sta- 
tion, one of the Lewis staff operations, 
also supports the nuclear programs by 
test work programed for its reactor 
and by the operation of test stands 
whose primary results bear directly on 
the development problems of compo- 
nents and systems for nuclear rockets. 

Site Expansion 

New facilities for engine and stage 
work have been requested for both the 
development station and Plum Brook. 
Additions to existing structures also 
have been requested with the aim of 
building a completely integrated nu- 


clear rocket area where work can start 
with reactor assembly and go through 
static firing of complete stages. 

Existing or funded construction at 
the development station includes: 

• Reactor maintenance, assembly and 
disassembly (MAD) building, provided 
by AEC. 

• Reactor test cell A, used for all Kiwi 
reactor tests to date, but now being 
modified. Original funding was from 
AEC. 

• Reactor test cell C, now under con- 
struction. 

• Engine test stand 1, funded by AEC, 
and now under construction to designs 
by Aetron Division, Aerojet-General 

• Engine test stand 2, funded by NASA 
in Fiscal 1962, now under design by 

• Engine maintenance, assembly and 
disassembly building, partially funded 
in NASA’s Fiscal 1962 budget, now 
just starting to be built to designs by 


Most of the funds requested for ex- 
pansion of the station in NASA’s Fiscal 
1963 budget are for construction of fa- 
cilities which extend the capability for 
handling complete engines and stages 
of the nuclear rocket. They will become 
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The key to successful explora- 
tion of space lies in the 
advancement of space tech- 
nology. Aero Geo Astro Cor- 
poration has forged to the 
front in this demanding field 
by virtue of its demonstrated 
technical excellence. 


Our capabilities cover the field 
from advanced research and 
development through hardware 
production to packaging and 
system integration. In terms of 
equipment, we have built and 
sent aloft such items as radar 
transponders, command receiv- 
ers, logic modules, telemetry 
equipment and antenna systems. 

As a further indication of our 
qualifications, A.G.A. was se- 
lected by NASA to conduct the 
pilot course in space technology 
at Texas A and M. 


New positions with fine 
futures have been created 
by our expanding activi- 
ties. We now have open- 
ings for vigorous graduate 
engineers with two to five 
years of experience in the 
areas of transistor circuitry, 
infrared techniques, anten- 
na design and heat sink 
computations. 
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part of an over-all area referred to as 
stage static test and maintenance facili- 
ties, and they include: 

• Engine maintenance, assembly and 
disassembly building addition. 

• Stage assembly and maintenance 
building, for work on the Rift portion 
of the Rover program. Designed with 
two operating areas, only one bay is re- 
quested initially. 

• Stage test position, for firings of the 
complete Rift stage. 

• Stage demating, maintenance and 
disassembly facility, where the stage 
would go after hot firings for teardown. 
Engine would be taken to engine MAD 
building addition for teardown. 

• Radiation effects facility, for develop- 
ment of flow components and systems 
in operating configurations. 

• Components test facility, for cold- 
flow, non-nuclear tests of components 
and systems. 

• Support facilities, including a rail- 
road and turntable system for moving 
assembled reactors, engines and stages 
around the site; extension of power lines 
and communications; road improve- 
ment; a decontamination facility; an 
office building and an electromechanical 
area for shop work. 

There are three related facilities re- 
quested in the Fiscal 1963 budget 
which 3re to be built at the Plum Brook 

• Space propulsion research facility 1 , 
for research on and testing of complete 
space electrical propulsion systems un- 
der simulated environmental condi- 
tions; $25,675,000. 

• Nuclear rocket dynamics and control 
facility, which is the addition and ex- 
tension of facility B-l at Plum Brook. 
This will be used to study the initial 
portion of the starting cycle using simu- 
lated reactor heating. Requested 
amount was $3.5 million. 

• Hydrogen heat transfer facility, to 
study the properties of liquid hydrogen 
under the restrictions or the nuclear 
rocket system. Nozzle work will receive 
concentrated attention. Budget request: 
$2.4 million. 


Nuclear Rocket 
Development Station 

Unlike other NASA centers and sta- 
tions. this is a joint operation, witli fa- 
cilities shared by NASA and Atomic En- 
ergy Commission. NASA owns no land, 
and plant value has not been determined 
because much of it is under development. 
Actual location of site is at Jackass Flats, 
on AEC’s Nevada Test Site. Last year’s 
construction program was $15 million; 
this year, the figure is budgeted at $40 
million. Expected operating cost this fis- 
cal year is $2 million. A staff of 200 has 
been budgeted. 



The prevention of war depends, 
in large part, on this nation’s 
ability to detect attack, and re- 
spond to it, in seconds. 

Many of the complex electronic 
systems that make military de- 
cision possible are designed and 
developed by The MITRE Cor- 
poration. 

The work is of the utmost impor- 
tance to the nation — and offers a 
very real technological challenge 
to the systems man with unusual 
ability. 

There is a broad spectrum of op- 
portunity at MITRE within 
three major groups of the cor- 
poration — Systems Planning 
and Research; Systems Engi- 
neering; and Control and Sensor 
Systems Development. 


Current projects include the im- 
provement and integration of 
existing systems . . . such as 
BMEWS, NORAD Combat 
Operations Center and SAGE 
. . . and the creation of even 
bigger, more advanced command 
and control systems. 

MITRE is located in pleasant, 
suburban Boston. Requirements, 
B.S., M.S., or Ph.D. in these 
disciplines — electronics, physics, 
and mathematics. Rewards are 
competitive. Openings are also 
available in Washington, D. C. 
and Colorado Springs, Colorado. 

Write in confidence to Vice 
President — Technical Opera- 
tions, The MITRE Corporation, 
Box 208, Dept. WP10 Bedford, 
Massachusetts. 


MITRE 


An Equal Opportunity Employer 

MITRE is an independent, nonprofit corporation working with — not in competition 
with — industry. Formed under the sponsorship of the Massachusetts Institute of 
Technology, MITRE serves as Technical Advisor to the Air Force Electronic Systems 
Division, and is chartered to work for such other Government agencies as FAA. 
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WHAT KIND OF NON-PROPULSIVE POWER SYSTEM CAN BENDIX DELIVER? 

The Bendix Aerospace Power Program is a centrally managed 
and directed corporate program which concentrates the 
skills of Bendix divisions experienced in non-propulsive 
power. The various divisions of The Bendix Corporation- 
participating in this program— offer a wide range of technical 
capabilities and experience in both basic methods of generat- 
ing non-propulsive power: static and dynamic. The six divi- 
sions in this program are: Bendix Products Aerospace, Pacific, 
Red Bank, Research Laboratories, Systems and Utica. With 
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the Research Laboratories furnishing program management 
and technical direction, this corporation-wide group is in a 
unique position to make objective trade-offs, design, and 
deliver the non-propulsive power system that provides opti- 
mum integration of power, vehicle and mission requirements. 

Bendix is— and has been— conducting Research and 
Development in these non-propulsive power generation 
projects: solar-cell battery systems: thermionic and thermo- 
electric converters: fuel cells: magnetohydrodynamic genera- 


tors: cryogenic and chemical dynamic systems; closed cycle 
heat engines. 

The capabilities, experience and product knowledge that 
are fundamental in this program are leading to new tech- 
niques and new hardware to meet the constantly changing 
requirements of the aerospace field. We would be pleased to 
give you more detailed and more specific information. Write: 
Aerospace Power Program Office, Bendix Research Labora- 
tories, Southfield, Michigan. 


Aerospace Power Program 



WHERE IDEAS 
UNLOCK 
THE FUTURE 




RAYTHEON at work 

Advanced Raytheon Sparrow III missile boosts 
striking power of the newest Navy jet fighter 


An advanced version of the Spar- 
row III missile is being produced by 
Raytheon to improve even further the 
capabilities of one of the Navy's most 
effective defensive weapons. This new 
missile has greater range than its pred- 
ecessor, operates at increased alti- 
tudes, and can be launched at higher 
speeds, against faster targets. It re- 
places the original Sparrow III missile 
and is the principal armament for the 
McDonnell F4H-1 Phantom II, which 
is the nation’s newest and most effcc- 


fective jet fighter plane. 

As with earlier systems, the improved 
Sparrow III employs a unique target 
seeker providing maximum attack 
flexibility to Navy pilots under opera- 
tional conditions. Once locked on the 
target, this seeker guides the missile to 
the intercept despite evasive maneu- 
vers, precisely refining the aim as it 
closes with lethal accuracy on the 
enemy aircraft and destroys it. 

Raytheon is prime contractor to the 
Navy's Bureau of Naval Weapons for 


the Sparrow III. This new missile is 
another example of Raytheon elec- 
tronic and systems management skills 
at work — on behalf of business, in- 
dustry, science, and defense. Can 
Raytheon electronics help you? 
Raytheon Company, Lexington, Mass. 





PLUM BROOK RESEARCH STATION tcchr 


Plum Brook Testing Advanced Propulsion 


Sandusky, Ohio— Dual testing capability for advanced space propulsion 
systems and components is taking shape at the Plum Brook Research Station 

One side of this capability is a nuclear reactor designed primarily for 
materials testing. It has a maximum power of 60 megawatts and a flux density 
on the order of 10 14 neutrons/sq. cm./sec. 


The other side is a rocket systems 
test operation now building toward 
large-scale flow studies on complete 
upper stage chemical and nuclear 
rocket systems. 

Both groups of facilities are just get- 
ting started. The station has been op- 
erating for about six months. The re- 
actor is currently licensed to run at 1 00 
kilowatts, pending approval by the 
Atomic Energy Commission for full- 
power runs. That permission is ex- 
pected later this month. 

Rocket test units have been operat- 
ing since last November in some pro- 
grams, but the anticipated workload 
lias yet to come and is waiting for com- 
pletion of some facilities. 

Staff doubled during the last fiscal 
year, from 200 to 400, reflecting the 
rapid building of the station to an 
initial operational status. Further staff 
increase has been requested by NASA 
and $40 million of new facilities has 
been planned and requested. 

Administratively, Plum Brook Re- 
search Station is a staff function of the 


Lewis Research Center. The station 
director, A. D. Johnson, reports to 
Lewis Director Abe Silverstein. Func- 
tionally, the station performs test op- 
erations, accepting research projects 
from Lewis, its contractors and sub- 
contractors. 

Nuclear Reactor 

The Plum Brook reactor can be 
thought of as a cube with holes in it. 
Experiments, are placed in these holes, 
exposed to the radiation flux of the 
reactor, and then removed for study 
or testing. 

The reactor core containing the holes 
is about a 30-in. cube. Surrounding it 
are: a vessel containing primary cooling 
water, a secondare cooling-water trans- 
fer system: four quadrant-shaped rooms 
for experiment access; three million gal- 
lons of processed water and up to nine 
feet of special concrete, which weighs 
about 250 pounds per cubic foot. Top- 
ping it are three 20-ton steel shields to 
bear the brunt of the maximum credible 
accident— an explosion, equal to that of 


about 400 lb. of TNT. Housing all this 
is a 100-ft. dia. steel containment 
vessel, designed to take whatever over- 

E ressure is left after the three steel slabs 
avc borne the brunt of the explosion. 
Around the quadrant there is a canal 
system; through it, experiments can be 
moved under water for maximum shield- 
ing. 

A row of hot laboratories stretches 
off on a tangent, its thick-walled cells 
broken only by lead-glass windows, 
separated by oil films and nearly five 
feet thick. Behind these windows, pro- 
tected from the radiation in the cell, 
stand the operators of remote hands 

Other building areas house the water 
and air processing plants. Neither can 
be released outside the plant unless 
they meet AEC minimum requirements 
for contamination. Tlius, the cooling 
water goes to "hot” retention tanks, 
where much of the radioactivity settles 
out, then passes to the "cold” tanks for 
further processing before being dumped 
into Plum Brook. 

Air from the reactor containment 
dome is monitored in a holdup tank 
until it is safe, and then is exhausted 
through a 100-ft. high stack. There is 
an extra safeguard— a 150-ft. weather 
tower continuously measures and re- 
cords the temperatures at heights of 10, 
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cool comfort 
for avionic 
hot-spots 



Nothing like a 1-o-n-g, cool drink of dielectric fluid to 
keep miniaturized electronic systems on the job when 
there’s not enough space or air to protect them against 
overheating. 

Eastern liquid cooling systems for avionics take over 
where heat sinks, convection- or fan-cooling leave off. 
These simple, lightweight, compact packs are com- 
pletely self contained — motors, heat exchangers, 
pumps, controls. They give the designer of avionics 
the kind of help he needs for supersonic and hypersonic 


vehicles, for missile support equipment. 


Some famous-name applications of Eastern liquid cool- 
ing packs for avionic systems: Nike Ajax, Hercules, 
Zeus; Hawk and Minuteman. That’s pretty fast com- 
pany to be in. 




EASTERN INDUSTRIES 

1 0O SKIFF STREET • HAMDEN 14. CONNECTICUT 


75 and 150 ft., to detect any possible 
temperature inversion that would not 
permit exhaust air to disperse normally. 

There are six primary areas in the 
reactor where experiments can be made: 

• HB-1, for solid-film lubricant test. 
The simple experiment will consist of 
a steel ball, rolling on a circular steel 
disk which has been lubricated with a 
film of molybdenum disulfide. The ob- 
ject is to check the characteristics of 
the lubricant under exposure and com- 
pare them with the known character- 
istics without radiation damage. 

• HB-2, for materials samples at cryo- 
genic temperatures. Stainless steel, alu- 
minum and titanium alloy samples will 
be subjected to a thermal neutron den- 
sity of about 4 x 10" and a fast flux of 
2x10" while being cooled by gaseous 
helium to cryogenic temperatures. 
There is some belief that radiation 
damage may be greater at low than at 
high temperatures. These experiments 
are being devised to check that hypo- 
thesis which, hopefully, is wrong. This 
work is part of a contract study between 
NASA and Lockheed Aircraft Corp. 

• 1IB-3 and IIB-4, for studies in basic 
nuclear physics, especially in studies of 
materials. 

• HT-1, for high-temperature materials. 
Experiments here will be subjected to 
the highest level of thermal neutrons- 
5.6 x 10"— of which the reactor is ca- 
pable. Purpose of the experiments will 
be to radiate samples of materials at 
high temperatures and check them for 
radiation damage. 

• HT-2, for Nerva actuator experiment. 


This test will consist of checking a 
prototype actuator developed for the 
Nerva engine system under radiation 
comparable to its proposed environ- 
ment. The unit will be cycled while 
under test as it would be in the real 

All these experiments will be sub- 
jected to the 10-dav full-power cycle 
of reactor operation except for the 
Lockheed cryogenic tests, which will 
be irradiated for one hour. 

Normal cycle of the reactor will fol- 
low the 10-day "on” period with a 5- 
day shutdown before resuming full- 
power operations again. 

Primary' job of the rocket systems divi- 
sion here is to make operational tests 
on high-energy, upper-stage propulsion 
systems. For that reason, their tech- 
nology is weighed in the direction of 
hydrogen-oxygen and hydrogen-fluorine 
systems. 

The range of test work covers the cur- 
rent running of system components, 
such as a liquid fluorine pump, to fu- 
ture runs of the Nerva stage through the 
first quarter of its starting cycle. 

To do this large variety of missions, 
the station has activated or is working 
on these test facilities: 

• A: Pump tests at large flows. Capa- 
bility' of this unit is about 100 lbs./ sec. 
of liquid hydrogen, although it can 
test other liquid propellants. Some 
checkout runs have already been made 
with liquid nitrogen, and a couple of 
tests have been made with liquid hydro- 

• B-l: Nerva altitude test. This test 


stand, now being modified for increased 
altitude capability for the Nerva en- 
gine. will check the starting transients of 
the rocket for about the first quarter— 
1 5 sec. or so— of the start. These tests, 
which have to be non-nuclear in nature, 
will be run with a simulated reactor. 

• B-2: Apollo lunar landing module 
test. This unit is being planned for 
simulated runs of the Apollo lunar- 
landing module. 

• C: Turbopumps for liquid hydrogen 
and liquid oxygen. This unit has a flow 
capability of about 100 lb./sec. It is 
presently running with two liquid-hy- 
drogen pump rigs; one of these is a 
boiling-fluid type with low net positive- 
suction: the other is a research pump 
for inlet studies. 

• D: Turbine research. This stand is 
a double one which can handle two ex- 
periments simultaneously. Eddy-cur- 
rent dynamometers absorb the power 
from the turbines, and can handle up 
to 1 5,000 hp. There are three dyna- 
mometers, rated at 5,000 hp. each. 
Currently this stand is being calibrated 
and checked. 

• E: Dynamics tests. This huge appara- 
tus, originally planned to shake com- 
plete. loaded missiles somewhat bigger 
than the Atlas, stands 120 ft. high. 
Electromagnetic shakers are installed, 
and it is possible to simulate burning 
by dumping propellants at a programed 
rate. But the stand was never used for 
this purpose, and is now being studied 
to fit the Apollo support mission. 

• F: Hydraulic laboratory. In this area, 
both cryogenic and non-cryogenic sys- 
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PRECISION 

POWER on these sites is a must ... and 


eneral Electric’s 
Ground Power Equipment 
Meets this Requirement 


m 


G 


From watts to megawatts General Electric’s ground power equipment provides precise 
regulation of voltage and frequency, for today’s electronic, spacecraft and missile sites. 


These field proven systems, designed by experienced engineers, meet the most exacting 
requirements and are backed by years of electrical know-how, to give reliable, precise 
performance. 


Today, call your nearest General Electric sales representative for more in- 
formation on how G-E precision power equipment can serve your ground power 
supply needs. General Electric Company, Section 600-07, Schenectady 5, N. Y. 



tem components can be studied over 
a wide range of conditions up to high 
flow rates and high pressures. 

• G: Pilot facility. In this earth-bunk- 
ered test site, the first to operate here 
in rocket systems test, small pumps and 
turbines are being run to get design 
data for other facilities. 

• H: Central control and instrumenta- 
tion. This building is the common com- 
ponent of all stands except B and J, 
which have their own control and in- 
strumentation. All operational tests are 
controlled from panels in this build- 
ing, and the data measured at the site 
is recorded here. 

• I: Fluorine pump stand. This test 
apparatus was developed specifically for 
testing liquid fluorine pumps with flow 
rates about 50 lb./sec. It has run two 
such tests. First of these was a Lewis- 
designed pump; the second was a con- 
tractor design. 

• J-l: Heat transfer stand. This appara- 
tus bums hydrogen and oxygen to gen- 
erate a high-temperature gas for Rover 
nozzle studies. Nozzle is made of thick 
copper to measure temperatures after 
one second of running at a very high 
heat flux. 

• J-2: Heat transfer stand. This test stand 
was originally a low-pressure hydrogen 
fluoride unit, but the test stand cur- 
rently is being modified for hydrogen- 
oxygen work. 

• J-3 and J-4: Advanced tank tests. 
These stands will be used to study tank 
designs for liquid hydrogen fuel in 
terms of insulation problems and re- 
lated heat-transfer work. 

• J-5: Fluorine hydraulics laboratory. 
This stand originally did work on the 
hydraulic properties of liquid fluorine 
and is now inactive. 


Plum Brook 
Research Station 

Plum Brook Research Station, oper- 
ated by Lewis Research Center, is lo- 
cated at the former Plum Brook Ord- 
nance Works near Sanduskv, Ohio. 

Total area occupied is 5,968 acres, of 
which 3,168 are occupied under permit 
from the U. S. Army, and the remain- 
ing 2,800 acres are in process of being 
transferred from Army jurisdiction to 
NASA. 

Value of the plant is listed at $28,1 14,- 
000. 

Operating cost for Fiscal 1962 was 
$5,560,000; for this fiscal year, the space 
agency asked for $8,283,000 for opera- 

Construction program budgeted for 
this year is $39,183,000. 

Staff was authorized at 400 for Fiscal 
1962; NASA hopes to increase it to 525 
this fiscal year. 



This trip-free circuit breaker weighs 
about “12 dollars" less than comparable 
MS frame size “B" breakers 

"12 dollars" less? Yes ... if the average worth of weight reduction 
is about $400 a pound, as some experts claim, KLIXON® D7271 
Series Circuit Breakers (MS24510) offer $12 savings per unit. 
That’s because they weigh 14 grams less than other MS single-phase 
circuit breakers of the same frame size. That adds up to $4800 
savings on an airplane employing 400 circuit breakers. 

Space savings tool Since the KLIXON D7271 Circuit Breaker is 
a full 16 inch shorter behind the panel than comparable MS breakers, 
considerable space savings can also be realized. 

Reliability proved I As MS24510, the KLIXON D7271 Series has 
a successful performance record in Air Force, Army, Navy and 
commercial aircraft ... on 5 to 35 amp circuits. Disc-type thermal 
element is inherently resistant to shock and vibration ... assures 
permanent precision calibration . . . prevents nuisance tripping on 
harmless surges. Trip-free design opens overloaded circuit whether 
push-pull indicator button is in or out. 

Bulletin CIRB-21 covers all performance characteristics and 
design options. Write for your copy today. 


Texas Instruments 
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GD700 SERIES 
GAS-O-DOME REGULATORS 



LV LOADER VALVE 




BPR SERIES 

BACK PRESSURE REGULATORS 


GD90B, GOIOOB, AND GD200A 
SERIES GAS-O-DOME REGULATORS 


Models in bronze, stainless steel, 
or aluminum 
Adjustable relief ranges: 

From 25-500 psig 
to 2000-10,000 psig 
Bulletin R42 


Models in bronze or stainless steel 
Compensated nigh-flow type 
Max inlet ana outlet: 6000 psig 
Flows to oO.OOO scfm 

panel mounting provisions 
Bul'etin' .<33 to R40 incl. 


GD61C AND GD80A 

SERIES GAS O DOME REGULATORS 







vicioR High pressure gas controls 


Victor high pressure gas regulators are cleaned, assembled, tested and 
packaged under carefully controlled conditions to insure maximum product 
reliability. 

Regulators shown here are typical of the available models covering a 
range of pressures to 10,000 psig and capacities to 80,000 scfm at - 67° F 
to + 160°F. Other types, sizes and modifications for special applications 
available upon request. Write for Regulator Inquiry Form 361-B. 



VicioR Equipment Company 

’ 844 Folsom Street, San Francisco 7 

3821 Santa Fe Ave., Los Angeles 58 • 1145 E. 76th St., Chicago 19 


Victor "clean" room insures maximum cleanliness 
to meet military and missile industry requirements. 


Information from countless sources, stag- 
gering amounts of it. New information 
that changes from moment to moment, old 
information that must be retrieved from 
storage in seconds. Information of world 
importance. This is what command deci- 
sions are based on: This is what a new 
science-technology must cope with to 
help make command decisions possible. 
The science-technology of which we speak 
involves the development of far-reaching 
man-machine systems to provide informa- 
tion processing assistance lor military and 


government leaders.The needs of this field 
have created a number of new positions at 
System Development Corporation. Our 
scientists, engineers and computer pro- 
grammers applied this science-technology 
to help develop SACS. We now apply it to 
our work on the SAC Control System and 
other command and control systems being 
developed. At SDC, our staff participates 
in key phases of system development; anal- 
ysis, synthesis, computer instruction, sys- 
tem training and evaluation. Human Factors 


Engineers and Computer Programmers 
interested in joining this expanding new 
field are invited to write Dr. H. L. Best, 
SDC, U3 1 Colorado Ave., Santa Monica, 
Calif. Positions are open at SDC facilities 
in Santa Monica; Washington, D.C.; Lex- 

opportunity employer." 

i^SDC 

System Development Corporation 

Systems that help men make decisions and 
exercise control 






JOIN MARQUARDT ON NEW AEROSPACE PROGRAMS 


The expansion of current projects and the continuing acquisition of new 
programs have produced exceptionally attractive openings for creatively inclined 
scientists and engineers. Some of the current projects include Project Apollo 
(America’s first manned lunar expedition). Project Pluto, Aerospace propulsion, 
and Astro research. By joining Marquardt you will not only be associating 
yourself with a dynamic company, but you will be working with one of the nation's 
recognized technological leaders in many areas of research, development, and engineering. 
Marquardt, with headquarters in Van Nuys, California, has been a leader in the aerospace 
field for almost twenty years. Rewarding opportunities exist in the following areas : 




Ames Generates Basic, Applied Knowledge 


Research goals advance greatly in both physical and 
life sciences ; entry physics is chief study effort. 


Moffett Field, Calif.— Critical fund of basic and applied research knowledge 
needed for the mushrooming technologies of space and advanced aeronautics 
is being generated at Ames Research Center here for use by National Aero- 
nautics and Space Administration, the military services, other government 
agencies, and industry. 

In this job, Ames has sighted on research goals far beyond those it sought 


during its outstanding contribution as 
Advisory Committee for Aeronautics. 

Ames’ broad effort, oriented heavily 
toward basic research, falls into two 
general categories— the physical and the 
life sciences. Physical science research 
is an umbrella-like activity totaling 
about 92% of the center's effort and 
divided into four general areas-entry 
and environmental physics (45%), aero- 
nautic’s (25%), guidance, control and 
navigation (20%) and space sciences 
(2%). Bulk of the work in physical sci- 
ences is performed for NASA’s Office 
of Advanced Research and Technology' 
at headquarters. 

Life sciences, a relatively new activ- 
ity comprising abput 8% of the Ames 


a key part of the predecessor National 

mission, has been assigned the respon- 
sibility for advanced research and tech- 
nology in this vital field for NASA. 
Most of its work will be performed for 
the Advanced Research Office and the 
Office of Space Sciences at headquar- 

Thc physical sciences are organized 
under five main divisions— vehicle envi- 
ronment, aerothermodvnamics, full- 
scale and systems research, unitary plan 
wind tunnel, and instrumentation. An 
indication of the capability of the Ames 
facilities is that the unitary plan wind 
tunnel division was assigned a substan- 
tial share of the aerodynamic studies 


that were being conducted at the 
USAF’s Arnold Air Development Cen- 
ter at Tullahoma, Tenn., when the 
main wind tunnel there was rendered 
inoperable. The Instrumentation Divi- 
sion at Ames primarily is a supporting 
organization for the center. 

Life sciences work is divided among 
three divisions— exobiology, environ- 
mental biology and biotechnology. 

Despite this organization by divi- 
sions, each having a number of 
branches as further subdivisions, Ames 
scientists are not committed rigidly to 
specific channels of research. Key to 
the effectiveness in maximizing the flow 
of information in the broad areas in 
which the center works is organizational 
flexibility. 

This allows cutting across divisional 
and branch lines for coordination of 
research teams and for transferring re- 
searchers to related efforts when a 
promising line of study shows up as a 
“byproduct” of another study. 

An example of this flexibility is the 
Mission Analysis Group operating un- 
der the Vehicle Environment Division, 
with a complement of scientists drawn 
from many branches. This group now 
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LIFE TESTED TO 

660,000 MEAN CYCLES TO FAILURE! 



PACIFIC WEDGE WIPE MARK II RELAY 


■i 



PACIFIC 

SCIENTIFIC 

COMPANY 


Here is the one relay exclusively manufactured to insure the 
utmost in reliability and long life ... to meet the most critical 
performance requirements of missiles, aircraft, automation, 
and circuit control. The exclusive "wedge-wipe” controlled- 
burnishing principle of the Pacific Mark II is far superior to 
conventional contact action— guarantees unfailing switching 
of micro-amp signals. The above reliability curve shows a 
profile of Mark II units tested to MIL-R-25018. None of these 
units failed below 339,000 cycles, and the mean cycle to 
failure of the entire lot was 660,000 cycles. For information 
on these quality relays, write to the AEROSPACE DIVISION : 
P.O. BOX 22019, LOS ANGELES 22, CALIFORNIA 


Ground Winds Studies 

Moffett Field, Calif-Effects of 
ground winds on booster and payload 
combinations are being investigated at 

Aeronautics and Space Administration 
and the Air Force, encompassing launch 
site conditions at both the Pacific and 
Atlantic missile ranges. These experi- 

thc 12-ft. pressure tunnel with l/10th 
to l/12th scale models, with simulation 
of wind speeds in excess of -10 uiph. 

General conclusion of the studies so 
far is that the effects of ground winds do 
not lend themselves to any theoretical 
analysis. Certain combinations of pay- 
loads and umbilical towers can severely 
reduce the wind speeds that u vehicle 

But the impression is that minor 
modifications can minimize these effects. 
Work in this problem area is expected to 
be completed in a few months and result 
in a semi-empirical approach, which w-ill 
demand more detailed knowledge of flow 
phenomena than has been accumulated 
thus far. 


is evaluating the feasibility of methods 
for carrying out high-performance space 
missions that may be required perhaps 
10 years in the future. 

This type of activity is considered 
essential to Ames’ own research efforts 
and to general support of NASA's pro- 
grams, because Ames’ management 
feels the center has the talent to evalu- 
ate what the state of the art will be 
able to support in the future. Inves- 
tigations by this group include missions 
involving the Apollo spacecraft, incipi- 
ent phases of lunar basing and fol- 
low-on missions to Mars. 

Personnel strength at Ames at the 
end of FY1961 was 1,487, which in- 
creased to 1,61 1 by the end of March. 
1962. By the end of last month this 
figure was scheduled to liave increased 



COMPOSITE before (top) and after photo- 
entry. Ames experiment produced heat load 
of 20.000F, velocity of 17,000 rnpli. 
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ADVANCED CONTROL 

AND GUIDANCE COMPONENTS FOR 




FROM ADVANCED TECHNOLOGY LABORATORIES* 


•Pioneer in electro-optical systems for space guidance. 
When the first Agena series satellite went into orbit, 
it utilized an ATL infrared horizon scanner for vertical 
reference. This scanner was designed, developed and 
produced in less than six months. Attesting to the 
success of that first mission is the fact that all sub- 
sequent flights of this series, including those requir- 
ing orientation for payload recovery from space, have 
been equipped with ATL horizon scanners. 

ATL's unequaled experience and independent re- 
search efforts have provided advanced concepts and 
new dimensions in accuracy, orbital life, and reliabil- 
ity. These are the major reasons for the Division’s 
selection to design and produce horizon scanners for 
the advanced AGENA vehicle', for the 0G0 spacecraft', 
and the GEMINI manned spacecraft’. 

•Designer of advanced torquing systems for orientation 
and control. ATL's VAP0RJET reaction control system 
is significantly advanced beyond conventional cold-gas 
reaction-jet systems, offering important advantages in 
simplicity of hardware, reliability of operation, conser- 


vation of fuel, and reduction in weight. It is ideally 
suited for long-term attitude-control and orientation 
of space vehicles. 


ATL VAP0RJET reactli 
trol system, designed 

space vehicle control i 
term space missions 




m r. 


•Source of advanced guidance components for aero- 
space applications. ATL scientists and engineers are 
currently developing a number of advanced sensing 
and control devices for space vehicle use on both 
orbital and interplanetary missions. Where your pro- 
gram has a requirement for electro-optical sensors, 
reaction controls, and related components, ATL is 
ready to work with your technical staff both in apply- 
ing existing components and in developing new equip- 
ment to your specifications. 


For additional details concerning ATL developments and capabilities, please write the address below. 

ADVANCED TECHNOLOGY LABORATORIES 

369 Whisman Road, Mountain View, California 


(over) 
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A 

UNIQUE 

PACKAGE 

OF 

PERFORM- 

ANCE 

CAPABILITIES 


SPACE 
VEHICLE 
GUIDANCE 
& CONTROL 

FROM 

Advanced 

Technology 

Laboratories 

AMERiCAN-<$tandard 


ATL 

OFFERS 
A UNIQUE 

CAREER 

PACKAGE 


All the essential ingredients for personal and profes- 
sional growth — challenge, opportunity, stimulation, 
recognition, and exceptionally desirable living condi- 
tions— await the qualified engineer who is interested 
in joining the ATL team. Important and rewarding 
assignments are currently being made in the following 
areas: 

INFRARED TECHNIQUES 
ELECTRO-OPTICS 
ELECTRO-MECHANICS 
LOW-FREQUENCY SOLID STATE 
ELECTRONICS 

Your resume, addressed to the Personnel Manager, 
will receive confidential, expeditious handling. 


Advanced Technology laboratories 
Am ERiCAN-<$tandard 


AN ROAD. MOUNTAIN VII 


Ames Research Center 




to 1.675. At the end of Fiscal 1965, 
personnel strength is expected to reach 
approximately 2,050-nn increase of 
575 over Fiscal 1962. 

The center occupies 115 acres of 
land. Plant value— including office 
buildings, shops, hangars, flight simu- 
lator facilities, laboratories, specialized 
wind tunnels, hypervelocitv test ranges, 
and other installations— is estimated at 
approximately SI 25 million. Operating 
cost of the center was approximately 
$21.5 million for Fiscal 1962 and is 
expected to be approximately S2S.5 
million for Fiscal 1965. 

Cost of construction program for 
Fiscal 1962 was estimated at S6.1 mil- 
lion. The proposed program for Fiscal 
1965 totals approximately $14.4 million 
and includes: 

• Mach 50 helium tunnel, which will 
afford detailed information, such as 
load distribution and hinge moments, 
not obtainable over the same Mach 


range in any other installation. The 
tunnel is expected to produce research 
results which will be applicable to the 
Apollo spacecraft during engineering 
design and construction phases. 

Blowdown Type 

'The tunnel will be a blowdown type 
with a 4S-in.-dia. test section. Inter- 
changeable nozzles will provide Mach 
numbers of 50 and 50 at Reynolds 
numbers in the span of 0.1 million to 
1.4 million. Ten consecutive 60-sec. 
runs will be possible before refilling the 
reservoir, which will require three hours, 
and have a 5,000-psi. pressure capabil- 
itv. Facility’s maximum temperature 
capability will be 1,500F. 

• Radiative heat system for the mass 
transfer facility, which will permit runs 
with simultaneous inputs and radiative 
and convective heating. The system 
will allow use of 6-in.-dia. models, con- 
sidered to be the smallest practical 


limit in this type of testing, and will 
allow evaluation of heat shield sections 
consisting of the ablative layer, insu- 
lating layer, and the backface structure. 

Scientists agree that Apollo will be 
the last-generation re-entry vehicle that 
will not have to face significant com- 
binations of radiative and convective 
heat loads. This new facility will fur- 
nish basic data in connection with 
future vehicles. 

• Space flight guidance research facility, 
which will permit simulation during the 
takeoff, midcourse trajectory, entry and 
landing phases of the environment, ac- 
celeration, deceleration, motion, and 
specific tasks of astronauts in a realistic 
space capsule. 

• Bioscience laboratory for systemic and 
subsystemic research and studies in im- 
munology, genetics, radiobiology and 
exobiology. Advances in these fields will 
be explored both in-house and by con- 
tract. 


AVIATION WEEK and SPACE TECHNOLOGY, July 2, 1962 


257 



Ames Examines Re-entry Heat Problems 


Moffett Field, Calif.— Broad spectrum of convective and radiative heat 
problems associated with the re-entry from lunar and planetary flight is being 
analyzed both experimentally and theoretically at the Ames Research Center, 
paced by the necessity for data that will promote the safety of the Apollo 
manned lunar mission. 


Varied effects of convective and radiative heating and the results of inter 
play between the two are complicated by many factors, including vehicl 
speed, face and afterbody configurations, materials, ablation phenomena 
ionization in the gas cap, and other environmental factors. 


process leading to convective 

heating, the gas in front of the enter- 
ing body is compressed as it passes 
through the shock wave, and forms a 
hot gas cap. Tire portion of the cap 
adjacent to the body usually forms a 
boundary layer flowing around the 
vehicle. Part of the energy in the 
boundary layer is transferred to the body 
by the motion of the fluid itself, and 
this phenomenon is called convective 

The collision of high-energy gas 
particles in the hot gas cap raises their 


energy states. As these energy states 
fall to lower levels, the excess energy is 
emitted as electromagnetic waves. 
Much of the energy in the shock wave 
is therefore transmitted directly to the 
vehicle in the form of radiative heating. 

Apollo Heating Problems 

Tlie large fraction of heating of the 
three-man Apollo spacecraft will result 
from convection, and the heat shield 
has been designed specifically to cope 
with this. But an appreciable heat 
contribution— enough to be considered 


serious but not disabling— will come 
from radiative heating, and an appreci- 
able amount of the Apollo heat shield 
weight will be used to deal with it. 

In the earth-entry regime, at the 36.- 
000-fps. parabolic speed (speed with 
which the spacecraft approaches the 
earth without any additional impulse), 
the blunt shape tends to minimize con- 
vective heating, whereas the pointed 
shape minimizes the radiative heating 
pulse. Frequently, therefore, the shape 
of the entry vehicle will be the result of 

For highcr-than-parabolie speeds that 
arc desirable for shortening trip time- 
40,000 fps., for example— radiative heat- 
ing becomes the primary cause of aero- 
dynamic heating. At speeds sufficiently 
high, it is expected to dictate vehicle 
configurations. 

For conditions where radiative heat- 
ing is predominant, Ames researchers 
believe it will be necessary to employ 
sweepback— incline the vehicle’s front 



PHOTOGRAPHIC SEQUENCE shows characteristics of drop of water impacting on a water surface in Ames Research Center study. This test 



surface so that it is not perpendicular to 
the wind direction— as opposed to the 
flat, almost unswept face of the 
Mercury spacecraft or a heat-sink mis- 
sile re-entry body. The angle of attack 
used by the Apollo for re-entry affords 
the desired sweepback for its speed 

In planetars' probes, where entry 
speeds of 40,000-50,000 fps. can be 
anticipated and where a simple ballistic 
trajectory would seem to be preferred 
to eliminate the need for elaborate con- 
trol systems and attitude programing, 
the required sweepback of the vehicle 
face may be achieved by using pointed 
cones as entry bodies. Degree of sweep- 
hack would be defined by the included 
angle of the cone. 

Current Studies 

Such bodies, on the basis of theoreti- 
cal studies now being made bv Ames 
researchers H. Julian and Alvin Seiff, 
appear to be optimum from the stand- 
point of minimizing the total heating 
(convective plus radiative). 

A six-fold reduction in the radiative 
component is achieved by going from a 
45-deg. half-angle to 50-dcg. half-angle, 
for example. By comparison, the angle 
associated with the Apollo flight atti- 
tude would be about 60 deg. At this 
angle, the radiative component would 
be about three times as great as for the 
45-dcg. half-angle cone. 

Shapes appreciably more slender than 
the Apollo configuration arc being ex- 
amined in connection with a series of 
planetary missions. Experimental studies 
to determine configurations suitable for 
a Mars entry capsule for the Mariner B 
mission arc being conducted as part of 
an over-all study of planetary entry 
problems. 

Design logic, to be applied in greater- 
than-parabolic entry speeds, to balance 
the effects of convective and radiating 
heat may vary the geometry of the nose, 
possibly by starting with a pointed cone 
configuration comprised of different 
materials and allowing successive sec- 


tions of the cone, from the nose back, 
to be ablated. This would produce an 
increasingly blunter face as ablation 
progressed, until entry speed began to 
Ire slowed mechanically. 

Heat transfer resulting from air ion- 
ization is being studied closely to deter- 
mine how this phenomenon affects con- 
vective heating, because considerable 
controversy exists on its importance. Air 
ionization tends to increase, researchers 
feel, when radiative heat transfer is 
present as an aggravating factor. Charge 
exchange cross-section studies also are 
being conducted because of their rele- 
vancy to ionization heating, and nu- 
merical measurements are made of the 
tendency of the charged particles to 
surrender their charge to the neutral 
gas medium. 

Radiative Heating Identification 

Another problem relating to radia- 
tive heating is the need to determine 
what part of the spectrum is emitting 
the energy. Although temperature of 
the hot gas cap rises as entry velocity 
increases, with most of the radiant 
energy probably being emitted in the 
ultraviolet range, the relationship of 
vehicle velocity to radiative heat trans- 
fer has vet to be defined with any de- 
gree of exactitude. Studies indicate the 
dependence of radiative transfer on 
velocity ranges from the 8th power to 
the 1 6th power of velocity and possibly 

To determine intensity of radiation 
as a function of wave lengths up to 
speeds of 45,000 fps.— earth-entry at the 
return from a Martian mission— free 


at Ames. Velocity in test was 31,800 fps. 
flight models are being studied with 
photo and filter pickups. 

Many materials have been tested 
under combined heat loads comparable 
to those which Apollo will experience. 
This testing regime is concerned not 
only with ablative characteristics of the 
material but with the sclf-insulativc 
properties as well— determination of 
backfacc temperatures for a given 
weight of material. 

So far, this testing has been limited 
to an impulsive heating cycle, in which 
maximum heat flux is imposed and held 
constant for a time before termination. 
The time span is less than that to which 
Apollo would be subjected, but good 
combined radiative-convective heating 
rates arc obtained and give some under- 
standing of Apollo conditions. The 
tests are considered valid because the 
aim is to show which materials arc 
promising. Materials studied have in- 
cluded phenolic nylon, low-temperature 
ablatives, and charring ablatives. 

Theoretical studies are being con- 
ducted on the total mechanism of char- 
ring ablatives— the development of the 
char, the manner in which it recedes, 
and the controlling factor determining 
the rate of pvrolosis (breaking down of 
the base of the material into a charring 

Wake Heating 

Radiative heating generated in the 
wake behind entering bodies is being 
investigated in a generalized study. 
Apollo will have such an afterbody heat- 
ing problem. Heating rate will be 
modest but application will be for a 



Is part of a fundamental program to obtain data on the effects of materials landing on simulated planetary surfaces. 
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Space 

TI EXTREME 
means: 

today, more than ever before... 
in service, reliability and 
depth of experience... 
you can rely on TI 

A new concept in semiconductor reliability has evolved from 
Douglas Missiles and Space Systems Division’s and the National 
Aeronautics and Space Administration's determination to assure 
100% systems success in Delta space vehicles. This concept, 
termed EHR for Extreme High Reliability, is concerned at present 
with orbital and deep space probes launched by the Douglas-built 
Delta. Texas Instruments engineers worked with NASA and 
Douglas personnel, beginning with a complete re-examination of 
current manufacturing philosophies ... all the way through to 
helping establish the systems reliability standards. In essence, 
this program defines EHR as "building-in quality in addition to 
testing for it." EHR had to be much more than Just another 
testing program, for testing the finished product cannot guarantee 
the conditions under which it was made. To provide NASA and 
Douglas with "Space-Quality" parts. Texas Instruments began its 
evaluation procedures by multiple 100% inspections during proc- 
essing and 100% inspections by the independent Quality and 
Reliability Assurance department to assure creation of a device as 
nearly free from any flaw as is humanly possible. EHR quality con- 
trol procedures include microscopic inspection at each stage of 
manufacture, beginning with materials and parts inspections before 
the assembly process is started. Assembly is performed in con- 
trolled atmosphere, under positive pressure to help ensure the 
elimination of all foreign material. Even the jigs used to hold the 
devices throughout the assembly processes are subject to the 
same microscopic scrutiny as the devices they carry. ■ These are 
but a few points in the EHR program, developed jointly by NASA, 
Douglas and Texas Instruments. A partial list of tests given EHR 
devices AFTER manufacture are listed below. ■ Particle Detection 
— This test checks for possible foreign material (internal wire 

veloped by Texas Instruments, working 
ilcs and Space Systems Division, prime 
iA for the Delta space vehicle program. 

EHR helps assure the success of programs 
as the TIROS II, shown here boosted by the 
NASA/Douglas Delta space vehicle. 



approved 

HIGH RELIABILITY 



leads, solder balls, etc.) in the encapsulated unit. This method 

a piezoelectric accelerometer, electrical filter and oscilloscope, 
with the accelerometer mounted in a special fixture designed to 
hold it directly against the can. This test detects metallic contami- 
nation weighing 9 micrograms orgreater. ■ Constant Acceleration— 
The purpose of this test is to demonstrate the mechanical endur- 
ance of the device under extreme but nondestructive conditions. 
Depending on the device, each transistor is tested in the Y ( plane 
with a centrifugal acceleration of 5.000 to 35,000 g's applied to the 
device (nonoperating) for one minute. ■ Operating Test — Since the 
first 250 hours of device operation are the most critical, the "Power 
Burn-In" test is performed on each unit to assure device stability. 
Each device is operated for a minimum of 250 hours at Ta = 25°C 
under full dissipation (Pc) condition. ■ Dew Point — This test is 
to determine if moisture is present within the encapsulated device. 
Icbo is monitored as the device temperature is varied from Ta = 
— 65°C to 25°C under operating conditions. Continuity with respect 
to temperature must be observed in Icbo. ■ Vibration (Monitored) 

an environment similar to that seen in actual missile system appli- 
cation usages. The device is subjected to vibration at 60 ± 5 cps 

are monitored for flutter, shift, discontinuity, ringing or other 
instability. ■ High Temperature Test (non-operating) — This test 
is to determine the stability of the devices electrically after ele- 
vated temperature conditions. The transistors are stored at an 
ambient temperature of 200“C ± 5"C for 250 hours minimum. 
■ X-RAY — X-Ray is used to test for foreign particles and to 


assure uniformity of construction. ■ EHR is an all-out effort by 
Texas Instruments to achieve the long-sought goal of providing 
the Systems Designer with "Space-Quality" parts, i.e., devices 
approaching 100% reliability. ■ You can give your circuits semi- 
conductor reliability far in excess of that previously available. 
You tan specify devices produced under all of Tl's EHR techniques 
or only those applicable to your specific military or industrial 
needs. ■ The manufacturing techniques and testing that comprise 
EHR result from Tl's depth of technological skills, plus the deter- 
mination and willingness to meet eveiy TI customer's require- 
ments. Today, more than ever before, in service, reliability and 


“trademark of Texas Instruments 



The basic concept of EHR is "building-in reliability 
in addition to testing for it." Pictured above is an EHR 
semiconductor line at Texas Instruments. Each EHR device 
is subjected to repeated 100 % microscopic inspection 
under positive pressure, controlled atmosphere by Tl's 
independent Quality and Reliability Assurance department. 


Texas Instruments 

INCORPORATED 

13500 N CENTRAL EXPRESSWAY 
P O. BOX 5012 • DALLAS 22. TEXAS 




For Larger Sizes, Intricate Shapes, Carbon Steels 
through Exotic Metals 


Cameron is forging a wide variety of sizes and 
shapes by the split-die multiple ram process. Forg- 
ings with complicated shapes, thin walls or mul- 
tiple cavities are produced in one press operation. 
Uniform toughness, high impact strength and 
very high tensile strength are acquired, which 
cannot be obtained in castings, in welded assem- 
blies, or in multiple heating and forging opera- 
tions. 

Cameron’s 11,000 ton and 20,000 ton presses are 
the Free World’s largest multiple ram ferrous 
metal forging presses. Cameron forgings range 
from 13 to 13,000 pounds and up to 54 inches in 


diameter. Material can be carbon steel, special 
alloy steel or exotic metals. Forging quality is en- 
hanced by Cameron’s air melted vacuum ladle 
degassed steel from our own electric furnaces. 

Let Cameron show you how product quality can 
be improved by Cameron’s forgings. 


CAMERON IRON WORKS. INC. 
SPECIAL PRODUCTS DIVISION 
P. O. BOX 1212 HOUSTON. TEXAS 
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long time, creating a heat soalc. Tests 
arc conducted with rates of 10 to 100 
Btu./sq. ft. 'see. to simulate, roughly, 
the afterbody conditions expected for 
Apollo. The tests arc run in an arc jet 
tunnel using a cylindrical model with 
the ablative material as an insert 
section. 

Because radiative heating is sensitive 
to gas mixtures. Ames is studying the 
mixtures believed to be representative 
of planetary atmospheres. The problem 
is aggravated by the variance in esti- 
mates of atmospheric constituency. For 
example, carbon dioxide content for 
Venus has been estimated to be anv- 
where from 10 to 90%. 

One of the key facilities at Ames 
which has resulted in major contribu- 
tions to the general study of radiative 
heat transfer from the shock wave is 
the hypersonic free flight wind tunnel, 
which has been in operation about one 
year and is an outgrowth of the super- 
sonic free flight facility that has been 
operating at Ames for about 15 years. 
It is devoted primarily to the study of 
heating problems which Apollo will 
encounter. 

Information is obtained on the radi- 
ative power emitted per cubic centi- 
meter of gas behind a shock wave 
traveling at speeds up to about 40.000 
fps. These speeds are obtained from 


the facility’s combination of a shock 
tunnel and light-gas gun. The facility's 
capabilitv is expected to be raised to 
50.000 fps. 

Both the equilibrium and non-equi- 
librium aspects of radiative heating 
phenomena arc being studied. It has 
been found that equilibrium radiation 
quantities can be accounted for con- 
veniently on the basis of existing the- 
ory. Non-equilibrium radiative heating 
phenomena are not understood as well, 
and one problem is that of scaling. It is 
doubtful if Apollo has any serious non- 
equilibrium radiative heat problems. 

Ames scientists are working on de- 
sign specifications for two more largcr- 
scalc hypersonic free flight facilities. 
One will be devoted to the study of 
radiation and physics of high tempera- 
ture air in the shock layer. It also will 
design a combination installation of 
shock tunnel and light-gas gun for a 
capability of 50,000 fps. It will permit 
the use of larger niodels-up to 1.5 in. 
in diameter, as contrasted to 0.5-in. 
dia. models used now— and broader 
ranges of atmospheric densities to allow 
detailed studies of non-equilibrium radi- 
ation phenomena. The facility will 
permit attainment of 30,000 psi. stagna- 
tion pressure to allow the Reynolds 
number of entry to be equaled or ex- 
ceeded. 


Hypersonic Behavior 

Moffett Field. Calif.— Stability and 
control problem areas in which hyper- 
sonic behavior differs grcatlv from New- 
tonian flow predictions have been re- 
vealed in the Ames Research Center’s 
free flight tunnel at speeds above Mach 
15. These phenomena have been ob- 
served: 

• Failure of the bow shock wave to be 
wrapped closely on the after part of 
blunt-nose bodies. 

• Generation of sccondarv flow fields in- 
side the hypersonic shock laver by flaps 
or stabilizing flares. 

These effects could cause the hyper- 
sonic stability and controllability of some 
entry vehicles— such as the missile svar- 
head configurations-to differ appreciably. 

initially. Result could cause tumbling, 
with consequent failure of the mission 
due to inadequate heat shielding in the 

In tlfc case of secondary flow fields 
generated by flaps, a theory has been de- 
rived which indicates that the pressures 
on flaps and flares can range from one- 
tenth to three times that expected from 
Newtonian predictions, depending on the 
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RCA INDUSTRIAL ELECTRON TUBES 



With the reliability that has made them world famous, RCA Industrial Electron Tubes 
have effectively met the challenge of space exploration. 

Each family of special purpose tubes, products of RCA’s Electron Tube Division, 
Industrial Tube Products facility at Lancaster, Pennsylvania, has served in space. 

The existence of the Van Allen radiation belts were first reported by an RCA photo- 
multiplier. 

In the TIROS weather satellites, RCA-4429 Vidicons have taken pictures to help 
meteorologists predict, perhaps someday control, weather phenomena. 

Greater power in a compact package made RCA-7S42, a Cermolox Tube, the ideal 
choice of a beam power lube for Pioneer V. the reconnaissance satellite. 

As the world listened in, RCA-5876 Pencil Tubes in a transmitter aboard each 
Mercury Capsule enabled the Astronaut to talk with his tracking stations. 

Another RCA Vidicon, the 8134 was aboard the rocket which launched Echo II. 
Its performance brought back to earth the first live TV action in space: the explosion 
of Echo II. 

The RCA-A1245 Traveling-Wave Tube was designed as an integral part of Project 
Relay, an experimental space vehicle for trans-oceanic communication and radiation 

Whatever your space project. RCA Industrial Tube technology can be your foremost 
asset. RCA Industrial Tubes arc available from your local RCA Industrial Tube Dis- 
tributor. For information on specific RCA tube types write: Section G- 1 1 2-Q-l. Com- 
mercial Engineering, RCA Electron Tube Division, Harrison, N. J. 



The Most Trusted Name in Electronics 


Circle Number 264 



INDUSTRIAL TUBE PRODUCTS FIELD OFFICES 



Ames Aids Apollo Guidance Development 


Moffett Field, Calif.— Development of the guidance system for the three- 
man Apollo spacecraft has channeled Ames Research Center’s talents into a 
supporting function for the Massachusetts Institute of Technology, which has 
the responsibility for design and development of a prototype system. 

Ames research is focused on the midcourse and earth-entry guidancc 
phases of Apollo’s flight to the moon and back. The midcourse navigation 
technique now is fairly firm and has been developed on the ground by 
simulation. The technique is based on Ames-developed principles stemming 
from work begun about two years ago, and growing out of experience in 
similar problems in aircraft flight. 


Guidance procedure adopted is i 
sidered simple regarding on-board c 
puter requirement. It will use an IBM 


7090 digital u 


t and is known as the ably 01 


altitude, depending oi 
This total procedure is 


the specific 

, repeated prob- 

re during the trajectory' and 
again just before the pre-selected aim- 
point or end-point is reached. After 
each end-point calculation, the com- 
puter determines the required velocity 
correction to establish a new trajectory 
to hit the end-point, based on a mini- 
mum expenditure of fuel for the cor- 
recting propulsion system. It also corn- 
body equations of motion that take putes the time downstream when the 


reference-trajectory' technique, which 
anticipates the use of a total velocity 
correction of about 100 fps. This is 
relatively small, considering the space- 
craft injection speed into its escape 
trajectory of approximately 36,000 fps. 

Pre-computation on the ground gives 
■' u precise trajectory, based " 


into account the effects of gravitational 
fields of the earth, moon and sun on 
the vehicle's motion. 

Celestial Observations 

The midcourse navigation system 
takes over after the spacecraft is injected 
into the chosen trajectory for the partic- 
ular launch time. The celestial observa- 
tions on which the system is based 
consist of measuring the angle between 
a navigational star and the limb 
(tangent) of the earth, or between 
another navigational star and the limb 
of the moon. 

In this procedure, the small on-board 
digital computer calculates what the 
angle should be between these reference 
points if the spacecraft were on the 
proper trajectory. Then, an observation 
of the same star and limb of the earth 
(or moon) is taken with a sextant (not 
hand-held) and the variance from the 
computed angle is obtained. 

Degree of Deviation 

On the basis of this difference, the 
computer calculates the degree of 
deviation from the reference trajectory. 
This procedure is repeated perhaps 10 
or 12 times at half-hour intervals after 
the first hour of the trip. Based on 
these various differences, the computer 
performs a mathematical smoothing 
process which calculates the most 
probable position of the vehicle in 
space, a result which is more reliable 
than depending upon a single reading. 

Another program in the computer 
takes this position infonnation and pre- 
dicts the pre-selected miss-distance from 
the aiming point at the moon, which 
may vary from 10 to 100 mi. moon 


corrective thrust should be applied and 
detennincs precisely how to re-orient 
the vehicle with attitude jets by specify- 
ing when to fire and for what duration. 

In the entire application of this ref- 


erence-trajectory technique, the mid- 
course guidance system never attempts 
to return the vehicle to the reference 
trajectory but attempts to make it meet 
the trajectory at end-point. 

Return from the moon would use 
the same midcourse guidance technique, 
but for the earth-entry trajectory, Ames 
is examining an alternate scheme to 
the one being programed by MIT. The 
basic concept of the Ames approach is 
to enter the "Chapman entry' corridor,” 
which varies in depth for every' entry 
vehicle, depending upon its maximum 
lift/drag capability and ratio of weight 
to drag coefficient. For the Apollo 
vehicle, this corridor depth is 38 mi., 
for a lOg maximum limit on the struc- 
ture. 

Space Window 

In effect, the technique establishes a 
window in space that the midcourse 
trajectory must hit. If the vehicle enters 
below (undershoots) the lower bound- 
ary, the g-limit will be exceeded, al- 
though it is still possible to enter for 
earth return. If the vehicle conics in 
appreciably over (overshoots) the top 
boundary, it will continue on around 


4*7 


i 0. 


ONE-QUARTER scale mockup of the 105-in. dia. Ames Vehicle Motion Simulator. 
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COMPLETE LINE OF CONNECTORS 
AVAILABLE FOR USE WITH 
DYNATUBE FITTINGS 



No Leakage Problems 
With DYNATUBE Fittings 


The Dynatube* fitting employs a new concept which assures 
freedom from leakage in high performance systems handling 
the most difficult mediums, such as hot gas or helium. There 
are only two parts — shoulder and nut. The self -energizing 
seal is integral with the shoulder. Dynatube uses no rings, 
nothing extra to work loose, get lost or leak. It is the light- 
est, most compact fitting available for high performance 
applications. H Method of attachment of Dynatube fittings 
may be in accordance with your specifications, Dynatube 
fittings deserve your careful investigation. 

Ask your Resistoflex field engineer for more 
information or write Resistoflex Corpora- 
tion, Roseland, N. J., for Bulletin DY-1A. 





the earth along the same parabolic tra- 
jectory which is used for approach to 
the earth. 

Final Path Control 

For the flight to earth from the Chap- 
man corridor. Ames is pursuing the fol- 
lowing two schemes to control the path: 
• Repetitive prediction technique. Con- 
siderable pilot simulation work has been 
done with this technique, and it indi- 
cates much promise. Based on present 
position, velocity, and acceleration of 
the vehicle, a high-speed digital corn- 
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Scott put the LIFEGUARD on the 
Mercury Spacecraft 


The two-stage Scott regulator used to support the reac- 
tion controls system of the Mercury spacecraft played 
an important role in helping Astronaut John Glenn suc- 
cessfully complete his historic mission and return safely 
to earth. 

Scott’s part in NASA’s Project Mercury and the 
McDonnell spacecraft is indicative of the esteem prime 
contractors hold for Scott products. This reputation for 
quality, precision, and reliability has earned Scott a 


leading position in helping win the race for space. Scott 
leads the way, too, in the development of environmental 
control and life support systems for many of today’s 
advanced aircraft and weapons systems. 

Find out how Scott can help you meet the challenge in 
the air and in the space beyond. Send for your copy of 
the free booklet: "Preparing for Tomorrow — Producing 
on Schedule Today.” 


^ SCOTT AVIATION CORPORATION 

DEPT. 8-72. LANCASTER. NEW YORK 


puter— not likely to be available in the 
time span required for Apollo— would 
calculate the trajectory the vehicle 
would follow and the point on the earth 
where it would land. This computa- 
tion would be performed repetitively 
all along the path, and as the astronaut 
flew the vehicle according to a display, 
he would correct in accordance with 
computer outputs to vary the lift/drag 
value and roll angle to achieve the de- 
sired letdown point. Each time the 
astronaut made a control correction, the 
computer would calculate his new tra- 
jectory and the display would change 
accordingly. 

• Reference trajectory technique. This 
is similar to the midcourse guidance 
technique in many respects, depending 
upon precomputed reference trajectory 
data stored in the on-board computer, 
It would not require the speed and 
complexity of the computer envisioned 
for the repetitive correction technique 
and therefore would be available in the 
Apollo development time-span. This 
technique also is being simulated for 
laboratory checkout. 

Each system, when fully developed, is 
expected to allow a landing-selection 
area on earth that is roughly elliptical, 
with a major axis of approximately S, 000 
mi. and a minor axis of about 2,000 mi. 
Both schemes are expected to be ap- 
plicable to follow-on vehicles beyond 
Apollo. 


Lunar Surface Conditions 

Moffett Field, Calif-Clues to lunar 
surface conditions that will facilitate the 
design of spacecraft landing systems and 
treads for lunar mobile vehicles are being 
generated in hypervelocity impact studies 
by the Ames Research Center, in co- 
operation with U. S. Geological Survey. 

The studies are conducted to explore 
the mechanism of mctcoroidal impact 
and the resulting physical phenomena. 
Two main materials have been chosen as 
representative of the lunar surface— basalt 
for the underlying constituent medium 

Conclusions drawn from test data ac- 
cumulated so far indicate these general 

• Atmosphere of dust exists with a spa- 
tial density of 10' times greater than the 
interplanetary debris which caused the 
dust by impact This indicates that there 
is a thin layer of loose, fine powdery ma- 
terial on the lunar surface. 

• Lunar surface also is covered with a 
general rubble of fractured rock ranging 
in size from microns to large angular 
blocks. 

• Spray from craters formed by impact 
at oblique angles will lie symmetrically 
around the crater, instead of in the gen- 
eral direction of the trajectory of impact. 



OUR 

MOTOR 


...US HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer... but we first had to 
build an aspirin-sized motor to 
drive it.This assignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro- 
miniature elapsed time indi- 
cators and companion 
events counters. ■ This digi- 
tal elapsed time indicator has 
many outstanding features: 
size is only W square x V/ 6 " 
long... weight .75 ounce... 



meets al] mil specs... temp, 
range -54 to -(-125°C... vi- 
bration to 2000 cps at 20G... 
choice of two ranges (hours 
to 9999, tenths to 999.9)... 
power input .5 watt, max. In 
fact, the complete data out- 
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 ETI right now. 
■ Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver City. For electro- 
mechanical devices call 
on our wizards in Waterbury. 


AUfU AYDON 

fill 11 COMPANY 
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For a long time the only way for engineers to carry out solar tesis was to haul aerospace equipment to 
tops of mountains. This type of testing is expensive and time consuming; and even in the 
itmosphere at the top of the tallest mountain, the sun's spectral emission is still strongly filtered. 
Recently, solar simulators have come into use. OCLI, making use of its extensive experience in the 
design and production of multilayer interference filters, has built a unique and revolutionary solar 
•nulator. Instead of using absorption or water filters, which gradually deteriorate and present continual 
libration problems. OCLI's design included stable all-dielectric filters. Consequently, OCLI's simulator requires 
only 1 KW power input, illuminates an area of 20 square centimeters with full sun intensity, and closely matches 
Johnson's curve in spectral output. OCLI progress with filters and systems instrumentation now makes it possible 
for the scientist or engineer to duplicate, on the nearest table top, the sun's emission as it would be at the edge 
of the Earth's atmosphere. (With no need for climbing boots.) 



OPTICAL COATING LABORATORY. INC. 
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RYAN VZ-3 deflected slipstream V/STOL flown with thrust 


ned 13 deg. to improve longitudinal trim characteristics 


Ames Studies V/STOLs, Mach 2 Transport 


Moffett Field, Calif.— Aeronautical research at the Ames Research Center 
is exploring two important advanced requirements— V/STOI. aircraft for com- 
mercial and military operations and the supersonic transport for the next 
generation of international passenger flight. 

V/STOL research is investigating the feasibility of a vehicle to serve as 
an intercity carrier, in keeping with government thinking on methods to 
improve the nation's transportation system. 


Ames philosophy is that V/STOL 
aircraft in general will be operating 
most of the time in STOL configura- 
tions. The center's approach to this 
operational concept is to extend the 
helicopter's utility by capitalizing on 
the good high hosering efficiency of 
rotary-wing aircraft and increasing its 
cruising speed appreciably. 

One specific approach is to use a 
tilting rotor concept. Previous flight 
studies involving the Bell XV-3 Con- 
vertiplanc disclosed that this approach 
was feasible except for rotor stability 
problems in high-speed flight. The 
XV-3 has good hovering characteristics, 
low-downwash velocities, and good tran- 
sition characteristics at low speed- 
hencc Ames’ approach is to improve 
rotor stability to extend operation into 
the relatively high-speed regime of 200- 
250 kt. 

Rotor modifications have been made 
to the XV-3 and the aircraft will be 
tested in the Ames 40 x 80-ft. tunnel 
and in flight. If these modifications— 


increasing the Delta 3 value (flap-pitch 
coupling ratio) to as high as 45 deg., 
and the addition of restraint springs to 
the rotor system— arc successful. Ames 
will consider extension of XV-3 per- 
formance by installation of a turbine 
engine to explore possible problem 
areas at higher speeds. But this tur- 
bine-version XV-3 would require sup- 
port of the military services for a 
comprehensive operational test and 
development program. 

Reverse Approach 

Another approach to the intercity 
service configuration reverses the basic 
conditions of the XV-3 by starting with 
a good forward speed capability and 
designing a good vertical capability into 
the configuration. This scheme involves 
modification of conventional-type air- 
craft in successive steps to reduce the 
approach speeds and, as a consequence, 
the landing area requirements. First 
step is to improve the lifting system of 
the flaps and increase the thrust/weight 


ratio of the engines. Some progress in 
this direction has been made with the 
BLC (boundary layer control) version 
of the Lockheed C-l 30B (at Ames) and 
the Brcguet 941 deflected slipstream- 

TlmBLC-vcrsion of the C-130B cuts 
the landing distance of the conven- 
tional C-l 30 by half, but tests have 
disclosed that handling qualities— con- 
trollability and steep approach capabil- 
ity— must be improved for operational 

Ames researchers are examining the 
potential of the BLC-version with the 
use of a piloted landing approach simu- 
lator to determine which aerodynamic 
parameters require improvement and 
to what extent stability and damping 
augmentation will be required. 

Simulator tests so far have indicated 
areas of modification. Incorporation of 
specific changes into the aircraft and 
flight tests arc the next steps being 
considered. Target is to obtain landing 
speeds of the order of 50 kt. and land- 
ing rollouts of the order of 500 ft. This 
would be unusual low-speed perform- 
ance for an aircraft of this size— 120,- 
000 lb. gross weight— which ordinarily 
uses an approach speed of about 10() 
kt., coupled with a landing roll of 
1,200-1,500 ft. 

Next stage with this configuration 
would be to improve wing lift and in- 
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crease thrust/weight ratios. This would 
require more sophisticated control— 
for example, the use of propeller pitch 
for lateral control, which might require 
shafting interconnection of propellers 
to eliminate asymmetry at low speeds. 

A succeeding step for further im- 
provement in takeoff and landing per- 
formance would be to provide a flapped- 
tilt wing with provision for slipstream 
coverage of the entire span. This effort 
is aimed at ultimately obtaining a verti- 
cal takeoff capability-possibly in a nor- 
mal test and development period of 
about three to five years. 

Successful development would per- 
mit a much larger gross weight V/ 
STOL aircraft than the tri-service trans- 
port, which is projected for flight in 
1965 but probably will not be opera- 
tional until 1965. Ames will be per- 
forming simulation studies and 40 X 
80 ft. wind tunnel tests of this tri-serv- 
ice configuration. It is likely that this 
work and the studies on the BLC ver- 
sion of the C-130B will produce data 
for reciprocal improvement of both. 
Ryan, Bell Vehicles 

Flight tests of the Ryan VX-3 de- 
flected slipstream configuration are 
now under way at Ames to examine the 
stability and control problems in the 
low-speed regime. 

Ames also has been using the Bell 
X-14A in its V/STOL studies. The 
aircraft employs the deflected thrust 
principle. TTiis aircraft, which has been 
fitted at Ames with two General Elec- 
tric J85-5 engines to increase perform- 
ance and supply sufficient air for the 
reaction nozzles, also has been modified 
to include variable stability and con- 
trol features. This configuration is ex- 
pected to provide: 

• Exploration of possible problem areas 
of a specific V/STOL design before it 
would be flown. 

• Derivation of acceptable control 
characteristics applicable to any V/ 
STOL aircraft. 

• Opportunity to evaluate applicability 
of the X-14 principle in lunar landing 
studies. Feeling is that the jet lift and 
reaction-control concept generally is 
similar to that envisaged for lunar lct- 

As now contemplated, a possible 
program would consist of a trajectory 
study coupled with an investigation of 
control characteristics. The trajectory 
Study would include an approach to 
touchdown from an altitude of 3,000 
ft., in both vertical and near-vertical 
trajectories. 

Time and fuel involved in descend- 
ing from a given altitude to a point 
on the ground would be of interest, 
assuming that vertical velocity judg- 
ment would be left entirely to the 
pilot. Second phase of the study would 
consider the effect of the control char- 


272 


sr 272 


AVIATION 


SPACE TECHNOLOGY, July 2, 1962 



What opportunities does Honeywell-Aero offer you? Read the stories of these 

6 engineers... and why 
they moved to Honeywell 


Don Walker, 

Materials Engineering 

(Formerly of California) 

"I was first attracted to Honeywell 
by the top level importance of the 
work I'd be doing, along with the 
creative freedom I’d have. The po- 
tential challenge offered by Honey- 
well's broad programs in the space 
and missile field were of prime 
importance to me. After I arrived 
here I quickly became aware of 
other advantages, such as the 
number of lakes and variety of 
summer activities available.” 


Don Drung, 

Marine Systems 

(Recently from Ohio) 

"The nature of my work is chal- 
lenging— I' m worki ng with top level 
people on the most important engi- 
neering projects that exist today. 
And I have a good deal of working 
freedom. There's also a sufficient 
volume and variety of work to mean 
security for the individual engineer. 
And in many fields Honeywell-Aero 
is leading the industry. Besides 
this, the locale offers good fishing 
and The Minnesota Twins.” 


Gordon Handberg, 
Aerospace Development 

(Formerly of Fort Worth, Texas) 
"The Honeywell-Aero Division 
knows where it's going and what 
it's doing. And the supervisors know 
what they’re after. Yet there's a tre- 
mendous amount of freedom here. 
The supervisor tells the engineer 
what needs to be done but doesn't 
necessarily specify the mechanism 
for getting it done; that's left up to 
the engineer. Besides, the engi- 
neer has a knowledge of his project 
from beginning to end.” 



Dale Gunderson, Computer 
Systems Research 

(Recently from New Jersey) 

"The Aeronautical Division of 
Honeywell offers me a lot of oppor- 
tunity for advancement in my field 
of interest . . . computers. Incident- 
ally, Minneapolis is one of the lead- 
ing computer centers in the country. 
Besides, we enjoy the advantages 
of this area: Uncrowded conditions 
(I live just 10 minutes from work in 
a really nice suburb), first rate 
schools, outdoor life.” 



Sheldon Sorensen, 

Data Proc.and Comp. 

(Native Minnesotan) 

"First, as a mathematician I felt 
Honeywell offered me challenging 
and financially rewarding work. 
Second, here the individual is im- 
portant. Third, the area has all the 
cultural and social advantages of 
the largest cities in the country 
(big-league sports, symphony, art 
centers, top level schools, etc.) yet 
manages to maintain a warm, 
friendly atmosphere." 



Norman Schamber, 
Evaluation Engineer 

(Recently from Utah) 

"I knew that at Honeywell I'd be 
working on challenging engineer- 
ing problems. I also knew that if I 
could help solve them, this is the 
kind of company that would give 
me recognition and advancement. 
In addition, this is a fine section 
of the country to live in, especially 
from the standpoint of education 
facilities and the caliber and sta- 
bility of the people." 



Right now we have openings for scientists and engineers to work on 
projects like Apollo, Mercury, Gemini and X-15 

Instrumentation and Displays Engineer • Circuit Engineer • Packag- ductor Applications Engineers • Reliability Engineers • Applied 

ing Engineer • Microelectronics Engineer • Airborne Display & Mathematicians. Vehicle Flight Controls Systems Analysts. Flight 
Control Engineers. Engineering Project Administrators. Semicon- Cont. Systems Engineer. Flight Ref. & Nav. Systems Dev. Engineers 



If you are interested in knowing more about a professional career with Honeywell 
in Minneapolis, fill in and mail the inquiry card attached to this ad, or write Mr. 
Roy Richardson, Director of Technical Service, Minneapolis-Honeywell, Aero- 
nautical Division, 2660 Ridgway Road, Minneapolis 40, Minn. 

To explore professional opportunities in other Honeywell locations, coast-to-coast, 
send your application in confidence, to Mr. H. G. Eckstrom, Minneapolis-Honeywell, 
Minneapolis 8, Minnesota. 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER 

Honeywell 

|H| Q ASiL f' 



LOCKHEED NC-T30B with blowing-type boundary layer control on wing and 
indicate increased performance gains with flap deflections beyond 70 deg., need for stability augmentation. 


actcristics (aircraft response-damping) 
on the ability to carry out the approach 
and landing. 

Because the thrust required for hover 
in the lunar environment would be 
considerably reduced, the achievement 
of the given horizontal acceleration for 
a given mass would require that the 
thrust vector be tilted farther in the 
lunar environment, compared with the 
requirement near the earth. 

The aerodynamic characteristics 
peculiar to a winged vehicle such as 
the X-14A could be eliminated in the 
earth tests by the variable stability and 


control features incorporated in the 
aircraft. 

Supersonic Transport 

Supersonic transport research at 
Ames is part of a coordinated NASA 
in-house effort, mainly in aerodynamics 
and structures, being done with Federal 
Aviation Agency binding under the 
joint FAA-NASA-Defense Department 
program. Research here is concerned 
with preliminary investigation of con- 
trol characteristics of various configura- 
tions. 

Prime objective of the joint program 


is to amass sufficient information by 
mid-1963 that the three agencies will 
be able to make a recommendation on 
the advisability of further government 
support for supersonic transport devel- 
opment. based on both financial and 
technical considerations. 

Feasibility of the supersonic trans- 
port for flight at Mach 3 has been 
established. Research now is directed 
at defining components and integrat- 
ing these into a transport configuration 
which would be a money-earning ma- 
chine capable of safe operation. 

Although tl>e supersonic transport 
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New lithium developments at Foote Mineral 
offer new boost to aerospace programs 
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originally was projected as a Mach 3 
intercontinental. 3,500-naut.-mi.-range 
design, Ames researchers now feel that 
data obtained since these guidelines 
were established point to initial opera- 
tion at lower speeds— perhaps Mach 2 
or slightly better— and over shorter, or 
continental stage-lengths. 

This would permit earlier operation, 
possibly using interim engines which 
would be modifications of existing 
powcrplants. This approach also would 
furnish some flight experience toward 
the Mach 3 capability, and a Mach 2 
transport could be ready for operation 
in time— perhaps 1968-to meet foreign 
competition. 

The Mach 3 transport begins to ap- 
proach the limit of reasonable benefit 
with regard to time saved at high 
speeds, considering the flight ranges in- 
volved. Time spent in cruise becomes 
sc small that the increased cruise speed 
would result in little reduction of over- 
all flight time. 

Engine, Stability Problems 

One major technical problem in the 
investigation at Ames has been develop- 
ment of an engine air inlet to provide 
the airflow required over a wide range 
of altitudes and flight speeds with a 
minimum penalty to the plane's drag 
characteristics. Tire problem boils 
down to a stringent matching com- 
promise between inlet capability and 
engine demands. 

Because basic aerodynamic damping 
of the supersonic transport will be less 
than that of its subsonic counterpart, 
some type of stability augmentation 
will be required. Ames researchers 
have established the aerodynamic 
damping levels through wind tunnel 
tests of supersonic transport models 
and this has provided data for the 
simulator program (AW Apr. 16, p. 
52) in which Ames has investigated the 
problems a pilot would experience in 
controlling the aircraft, both with and 
without stability augmentation. 

Other critical factors are landing ap- 
proach and touchdown speeds. It’s 
generally agreed that these will not be 
allowed to oxcccd those of the present 
subsonic jet transports, but the aim of 
the researchers is to reduce these speed 
values for the supersonic transport, if 
possible. Guideline has been that the 
transport would have to operate off 
runway lengths of existing major jet ter- 
minals. 

To study the landing speed prob- 
lem, Ames researchers have been con- 
ducting tests in the 40 X 80 ft. wind 
tunnel of representative configurations, 
to develop low-speed, high-lift capabili- 
ties. Preliminary results have been en- 
couraging. indicating that it will be 
possible to hold landing speeds of the 
aircraft to the order required-about 
140-143 kt. 
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Here is a really new universal Programmer, a composite 
of the best in electro-mechanical, photo-electric and solid 
ite circuitry, containing these features. 
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MULTI-CHANNEL — 1 to 40 channels without si 
increase j 

MAX. INFO STORAGE CAPABILITY - 960,000 
bits of information per 100 feet of tape 
ACCURACY -rir.02% Readout 
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Ames Advances Life Sciences Lead Time 


Moffett Field, Calif.— Life Sciences Research Laboratory at Ames Research 
Center has responsibility for the major effort in this type of work for 
National Aeronautics and Space Administration. Goal is to develop a degree 
of competence in the life sciences, so that data generated through its research 
will be ready at least five years ahead of programs which require this new 
knowledge. 

Laboratory's activities will span the fields of exobiology, environmental 
biologv including physiological and behavioral sciences, and biotechnology, 


which will be the versatile function 
physical sciences. 

One indication of the practical ap- 
plication of the laboratory’s work will 
be in its responsibility for the "manned 
portion” of the guidance and control 
function and displays for the Apollo 
spacecraft. This manned portion in- 
cludes analysis of psychological (per- 
formance), physiological (human sys- 
tem itself), and social aspects of the 
astronauts. Stress tolerance studies at 
Ames already have produced a tech- 
nique for detecting physiological and 
psychological changes in man before 
they can be determined by his per- 
formance. This includes the ability for 
measuring a millionth unit of vaso- 
pressin, which is one of the first bio- 
chemical units to respond in a stress 


of crossover between biological and 

few years at Ames will be in the search 
for extra-terrestrial life (under Exobi- 
ology Division), brain mechanism re- 
search (Environmental Biology Di- 
vision), and utilization of man and his 
display system (Biotechnology Division). 

There also arc miscellaneous related 
problem areas which Ames will study 
in-housc. For example, one of these 
will be the effect of the heavy cosmic 
primary rays in space, which arc not 
getting adequate evaluation elsewhere in 
government or private agencies, Ames 
researchers feci. While Atomic Energy 
Commission and Air Force will carry 
on the major portion of the nation's 
radiobiology program, their efforts do 
not include assessment of the effects of 
heavy cosmic primaries of the magni- 


tude which is of specific interest to 
NASA. 

Thus, for the past two summers, 
NASA life sciences activity has been 
carrying out a balloon flight program 
to study the biological effects of heavy 
cosmic primaries. This summer, four 
missions will be flown, each carrying 
about 500 lb. of experiments suspended 
from the balloon. The flights will be 
the longest (56 hr.) at the programed 
altitude (127,000 ft.) and latitude. 
Launch will be from Goose Bay, Labra- 
dor, and recovery is anticipated on the 
prairie country north of Edmonton (Al- 
berta). Primary experiment will be 
exposure of simians to heavy cosmic 
primaries, with the brain as the target 
for investigation. The animals will be 
monitored physiologically. Other ex- 
periments on these flights will include 
microbiological specimens for study 
of genetic aberrations, biophysical in- 
strumentation for the measurement of 
the components of the radiation spec- 
trum. Universities and government 
agencies will conduct these experiments 

Ames has submitted to NASA head- 
quarters a development plan for carrying 
out recoverable orbiting biological cx- 


Research Program 

Laboratory now is performing re- 
search programed to lead to develop- 
ment of selection and training criteria 
for succeeding groups of astronauts. 

Bv the end of this year, the laboratory 
will have doubled its staff from a 
strength of about 80 to approximately 
160 scientists. Although this might be 
considered a comparatively slow build- 
up. considering the extent of scientific 
investigations, the expansion of person- 
nel has been programed solely on a 
basis of need. 

Plan is to manage the responsibility 
for life science research in NASA in 

• Build an in-house research capability 
in areas not presently covered in the 
U. S. national effort. 

• Transfer life science research, on a 
task basis, to the three military services 
and other government agencies on the 
basis of what each is capable of per- 
forming. 

• Utilize, through research contracts 
and grants, the entire national capa- 
bility’ in universities, industry and re- 
search institutes. Through this me- 
dium, especially with universities, NASA 
hopes to stimulate education in space- 
relevant areas. About 90 grants and 
research contracts already have been 
issued to universities and other research 
organizations. 

Major in-house effort for the next 


Life Sciences at Ames 

Life Sciences Laboratory, a relatively new activity at Ames Research 
Center, is programed to perform studies and experiments to develop data 
for over-all use in NASA in the following scientific regimes: 

Exobiology 

Life on other planets 
Life synthesis 
Molecular biology 

Instrumentation for search and identification of extra-terrestrial life 
Environmental Biology 

Effects of environments on earth organisms 
Ecology 

Bio and organic chemistry 
Bacteriology, virology, and immunology 
Zoology, botany 

Biological rhythms and performance 
Genetics 

‘Physiological and Behavioral Sciences 
Manned space flight research 
Performance and utilization potential of man 
General physiology 

Experimental pathology, endocrinology, neurology, psychology 
Brain mechanisms research 
Biotechnology 
Man-machine integration 

Life support, personal equipment, crew accommodation, nourishment, 
gaseous and temperature control, radiation protection, waste disposal. 
Utilization of mon, selection, training, integration, control, monitoring, 
maintenance, scientific observation. 

* Work will be conducted under Environmental Biology 
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Monadnock self-locking CLIP-ON NUT 
to replace standard nutplate ^ 


Eliminates costly riveting in structural and non- 
structutal installations. Applied where suitable edge 
margin exists or through cut-out hole in center of 
panel, Clip-On Nut quickly slips onto panel or 
structure and locks firmly in bolt hole. Available for 
.020" to .150" application thicknesses. No tools re- 
quired. As integral part of a sub-assembly, Clip-On 
Nut eliminates additional drawings, part numbers 
and installation in final assembly traditional with 
conventional locknuts. One airframe manufacturer 
reports a savings of 32c each time a Monadnock 
Clip-On Nut is used in place of nutplate. Clip-On 
Nut reduces inventory; simplifies design changes, 


field rework, repairs. Meets MIL-N-25027 — 
120,000 psi class. Write for bulletin. 


MONADNOCK MILLS - SAN LEANDRO, CALIFORNIA 

SUBSIDIARY OF UNITED-CARR FASTENER COSP., BOSTON, MASS. 

OFFICES: ATLANTA. BOSTON. CHICAGO. CLEVELAND. DALLAS, DETROIT, LOS ANGELES. NEW YORK, PHILADELPHIA, SYRACUSE 


Get widest range of trace velocities 

on one paper... Ansco-G rant linatrace a-4 



Ansco-Grant Linatrace A-4 is the high-speed photo recording paper for universal 
use. Linatrace A-4 has the speed to record high frequencies clearly, yet 
possesses the latitude to be used for low frequency applications. Ask your 
Ansco-Grant dealer about this great paper, or write us direct for 
the new complete Photo Recording Materials catalog R-61. 

ANSCO— America's first manufacturer of photographic materials . . . since 1842 
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SEA URCHIN EGGS, shown magnified 400 
times, are utilized in space probes to study 
the effects that zero-gravity has on fertiliza- 
tion and cell division. 

periments. This would require an 
Atlas Agcna boost vehicle for low earth- 
orbits of 7 to 14 davs duration. The 
experiments are designed to be fully 
integrated so as to understand the com- 
plete effects of space environment on 
the biological system— essential for a 
sound manned space program. While 
the experiments have been approved by 
NASA, the spacecraft has not yet been 
approved. Two spacecraft arc planned 
for the program. A chimpanzee is the 
first choice for the passenger, but if 
weight becomes critical a pigtail monkey 
will be utilized. 

Although the Ames life sciences 
group is not charged with competence 
in life support systems, the group will 
develop this capability to the extent 
that it will be able to exercise responsi- 
bility for the integration of relevant 
data" from industry, Air Force and Navy 
into any total manned system. Under 
this responsibility, Ames will award 
contracts for life support systems, mon- 
itor development of the prototypes and 
generally collate all life support data 
for industry and military service use. 

Air Force and Navy have personnel at 
Ames to conduct liaison with the Life 
Sciences Laboratory so that these two 
military services and NASA may facili- 
tate coordination of information. 
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Write for Complete Catalog and Specifications 

OHMIC DEVICES, INC. 

New Hyde Park, New York • HUnter 8-194 
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Problem for you: 


Soft land 
this vehicle on 
the moon 


CONTROLS ENGINEERS. Concerns 
airborne computers and other controls re- 
lated areas for: missiles and space vehicles, 
satellites, radar tracking, control circuitry, 
control systems, control techniques, tran- 
sistorized equalization networks and con- 
trol servomechanisms. 

CIRCUIT DESIGNERS. Involves 
analysis and synthesis of systems for: tele- 
metering and command circuits for space 
vehicles, high efficiency power supplies 
for airborne and space electronic systems, 
space command, space television, guid- 
ance and control systems, and many others. 


This spacecraft is SURVEYOR, one of the many important pro- 
jects now under way at Hughes. It will “soft” land on the moon 
sometime in 1963. Its mission: to pierce and analyze the moon’s 
surface; to transmit back to earth high quality television pictures; 
and to measure the moon's magnetic and radiation characteristics. 
To accomplish these demanding objectives. Project Surveyor re- 
quires the talents of many imaginative junior and senior engineers 
and physicists to augment its outstanding staff. A degree from an 
accredited university and U.S. citizenship are required. Experience 
in Aerospace Vehicles is preferred but not necessary. A few of the 
openings include: 


INFRARED SPECIALISTS. T 

perform systems analysis and prellmlnar 
design in infrared activities for satellite de 
tection and identification, air-to-air missile: 
AICBM, infrared range measurement, all 
to-air detection search sets, optical sys 
terns, detection cryogenics and others. 


SYSTEMS ANALYSTS. 

To consider such basic prob- 
lems as: requirements of 
manned space flight; auto- 
matic target recognition re- 
quirements for unmanned 
satellites or high speed strike 


reconnaissance systems; IR systems re- 
quirements for ballistic missile defense. In- 
quire today. Please airmail your resume to: 

Mr. Robert A. Martin, 

Supervisor of Scientific Employment, 
Hughes Aerospace Divisions, 

11940 W. Jefferson Blvd., 

Culver City 86, California, 
a reply 
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facilities for production... 


The engineering, manufacturing and production capabilities that have made Aero Commander 
one of the most respected names in business-twin aviation are available for your prime and 
subcontract programs. 

Over 200,000 square feet of manufacturing and engineering facilities include fully equipped 
machine shops, engineering, metal stamping and casting, radio and electronics installation 
and overhaul, plastics and fibre glass forming, technical publications development and pro- 
duction and modern custom painting and upholster- .. 
ing shops. " Co „ lroc , Administrator 

For additional information on these or other Aero AeoC • ■ y ■ 

Commander production capabilities, contact: Con- ji “nginawing facilities! 0 ° n °" P ° 

tract Administration, Aero Commander, Inc., ^ ^ particularly interested in 

Bethany, Oklahoma. 


COMMANDER ■ 






AVIONS FAIREY 



FABRIQUE NATIONALE 
D'ARMES DE GUERRE 


take part in 
the european production 
of the 


and the 
as members of 



LOCKHEED F-104G STARFIGHTER 




GROUPEMENT BELGE DESCONSTRUCTEURS DE MATERIEL AEROSPATIAL 

1470, chaussee de Haecht, Bruxelles 13 (Belgium) 


284 


Flight Research Center 



Flight Research Spans Velocity Spectrum 


Edwards, Calif.— Aerodynamic investigation of piloted aircraft at the 
National Aeronautics and Space Administration’s Flight Research Center 
embraces both ends of the speed spectrum, from the hypersonic rocket- 
powered X-15 to the powerless paraglider, which so far has reached a maximum 
speed of 55 mph. 

By far the bulk of the talent, energy and money expended here goes to sup- 
port the X-15 project which is managed by NASA, although 80% of the 
project’s funds arc provided by the Air Force. Since the first powered flight 
of an X-15 by North American Aviation test pilot Scott Crossfield on Nov. 15, 
1960, the three testbeds have been carried aloft by a modified Boeing B-52 
bomber nearly 100 times and have made more than 50 powered flights. 

Tlie performance envelope of the air- how high nor how fast future flights will 
craft has been stretched to Mach 6.04 be, wind tunnel models of the aircraft 
and to an altitude of 247,600 ft— man’s have been tested to Mach 7 and un- 
fastest and highest flights in a fully con- official estimates put the maximum alti- 
trollable vehicle. tude at 500,000 ft. (AW Nov. 20, p. 

Still greater feats are in store for the 52). 

X-l 5, and although NASA will not say Flights for the sake of exploring the 


behavior of the machine itself probably 
will be completed early in 1963 but the 
program lias been so successful that 35 
follow-on flights have been scheduled. 

In addition to the basic research ob- 
jectives— aerodynamic heating, opera- 
tional and control problems, biomedical 
data on pilots, hypersonic aerodynamics 
and structures and exit and re-entry 
investigations— the follow-on program 
will use the X-l 5 as a platform for other 
engineering and scientific studies. De- 
spite a per-flight cost of $300,000, the 
recoverable X-15 is cheaper to use than 
some of the unmanned probes that 
might perform the same tasks. Experi- 
ments will include ultraviolet stellar 
photography, tests on a horizon scanner 
to develop an attitude control system, 
use of an alphatron ionization gage for 
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NOW-MICROELECTRONICS IN 
A PRODUCTION COMPUTER I 



FAIRCHILD 

MICROLOGIC 

1 MC COMPATIBLE DIGITAL FUNCTIONAL BLOCKS 
NOT ONE FAILURE OR DEVIATION FROM 
SPECIFICATIONS IN OVER 1,400,000 HOURS OF 
OPERATING LIFE TEST UNDER THE FULL 
MILITIARY ENVIRONMENT 
Fairchild Micrologic Elements— in which transistors 
and resistors are diffused via the Planar process 
into a single chip of silicon— are the first integrated 
circuit units to be employed in a computer designed 
for production. The elements are designed to operate 
in a full military environment, over a temperature 
range of —55 degrees C to + 125 degrees C. Integral 
oxide surface, provided by the Fairchild Planar 
process, results in total protection of the units. 

A 12-page color brochure, "The Inside Story of 
Micrologic”, is available on request. 

Micrologic elements are available for immediate 
volume delivery. Contact your Fairchild Field Sales 
Office, or distributor. 


MARTAC 420 

A DIGITAL, MULTIPURPOSE CONTROL COMPUTER 
ICBM AUTOMATIC CHECK-OUT EQUIPMENT 
A PRODUCT OF MARTIN MARIETTA CORPORATION. 

MARTIN COMPANY, DENVER DIVISION 

Function: programmed control— measurement— evaluations 

capability)— self testing 

Advantages: greater decision making capability/more thorough 
Real Time checking/on-line self checks/off line input-output 
checks/direct self fault isolation to replaceable package/prevention 
of improper control after failure/manual operation if desired/ 
adaptability to c/o of digital systems/programmed variable 
speed/optional types of building blocks/improved reliability 
through components and techniques/only 2 single channel data 
links required between Central and Remote site/less remote 
hardware/ease of program preparation/versatile launch, checkout, 
control of various systems/made of combination of few basic 
circuits/retains accuracy throughout repeated data handling/less 
calibration required/self check more positive and easier 
to obtain/takes less equipment 


FAIRCHILD agar 

SEMICONDUCTOR LOGIC 


density measurements above 100,000 
ft., and testing of an electric control 
stick and a letdown computer slated for 
use in the Air Force Dvna-Soar boost 
glider program, for which NASA pro- 
vides considerable technical support. 

The follow-on program will require 
continued use of the facilities built to 
support the current program. These in- 
clude the High Range, a flight corridor 
extending from Wcndover, Utah, to 
Edwards. Consisting of communica- 
tions and tracking equipment for pre- 
cise monitoring of X-15 flights, the 
High Range is maintained by Bcndix 
Corp. under a NASA contract. 

Periodic inspection must be made of 
the numerous dry lakes along the range, 
which are used as alternate landing sites 
in the event of an emergency. The 
effort expended in inspecting and main- 
taining emergency landing sites paid off 
last January when Navy Cdr. Forrest S. 
Petersen, unable to get engine ignition 
because of a faulty pressure switch after 
the drop from the B-52, jettisoned his 
propellants and landed the X-15 on 
Mud Lake. 

Paul F. Bikle, director of the Flight 
Research Center, cites Cdr. Petersen’s 
successful landing of the multi-million 
dollar research craft at a remote site as 
one example of the superiority of man 
over the computer in the still-raging bat- 
tle of the manned machine vs. the 
"black box.” Bikle probably is one of 
the industry’s strongest proponents of 
manned machines, stemming from his 
long association with flight test activities 
that began at Wright Field in the earlv 
days of World War 2. 

Bikle said he has “lost a battle but 
not the war” in the controversy over 
whether the pilot should be given con- 
trol of the booster rockets used for ultra 
high speed flight. Proponents of com- 
pletely automatic flight argued that if 
a pilot were put into the control loop, 
lie would send too many control inputs 
to the thrust vector control system, in- 
creasing the probability of failure. 

Bikle argued that a pilot could do the 
job smoother and with fewer inputs 
than an autopilot system. A simulator 
study of this problem, made by the 
Martin Co., bore him out, he said. 
Despite the vibration, noise and ac- 
celeration during the boost phase of 
flights in vehicles such as Mercury or 
Dyna-Soar, Bikle believes that pilots 
could control the flight path with fewer 
inputs than could an autopilot. He 
predicts that control of the boost phase 
eventually will be given to the pilot, 
perhaps with an autopilot backup. 

Tests with the X-l 5 tend to support 
Bikle’s faith in a pilot’s ability to con- 
trol. Flight profiles actually flown have 
come very close to planned profiles. 
This is especially impressive in view of 
the fact that a misalignment of one de- 
gree in attitude can result in a 10,000 
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Flight Research Center 

Edwards, Calif.— Flight Research Cen- 
ter’s operating budget for Fiscal 1963 
totals $9.7 million, an increase of $2.5 
million over the previous year, and new 
construction valued at $1.S million has 

170 acres under permit from the Air 
Force, and will employ 550 during the 
current year. This is 56 more than Fiscal 
1962. Plant value is $9.9 million. 


ft. error in target altitude. 

Nevertheless, pilot control over the 
aircraft under all flight regimes is not 
always possible without some stability 
augmentation. For example, tests re- 
vealed that at a high angle of attack, 
such as that experienced during re-entry 
at a speed of about Mach 3.5. the X-15 
would enter into a divergent yaw maneu- 
ver that the pilot could not control if 
the stability augmentation system 
failed. 

Simulator flights revealed that the 
maneuver could be controlled if the 
pilot put in aileron opposite to yaw. 
Control system parameters identical to 
this condition were put into a variable 
stability North American F-l 00, used by 
Flight Research Center for such pur- 
poses. and the pilots tried this tech- 
nique. It did not work in the air as it 
had in the simulator, primarily because 
it required a maneuver alien to the 
pilot’s natural reaction. As a result, a 
backup stability augmentation system 
was installed in the Number One and 
Number Two X-l 5s. Number Three 
already had an adaptive autopilot with 
backup systems. 

Part of the increase in research and 
development will go for construction 
and operation of a dynamic lunar land- 
ing simulator, to be built by Bell Aero- 
systems Corp. NASA’s Manned Space- 
craft Center recently released $300,000 
to the Flight Research Center as initial 
funding. The program is expected to 
cost $5 million over the next several 

Simulator work generally is done by 
the Ames Research Center at Moffett 
Field, Calif., which has an extensive 
supersonic transport simulator program 
(AW Apr. 16, p. 52) or the Langley 
Research Center at Hampton, Va. How- 
ever, the nature of the dynamic lunar 
landing simulator requires the natural 
geography of the Edwards AFB area. 

Repeated tests will be made to inves- 
tigate the piloting problems connected 
with landing on the moon. This will 
be simulated bv making approaches 
onto the dry lake bed from an altitude 
of about 5,000 ft. Necessarily, the moon 
landing simulations will take place in 
clear weather on calm days, and Ed- 
wards presents the ideal topography for 
the mission. A vehicle such as the 
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lunar landing simulator would hardly 
conform to airport traffic procedures, 
making the use of Edwards almost 
mandatory. 

The 18-ft. high simulator will re- 
semble an outsized foot stool. It will 
have four truss-type legs with shock 
struts attached. The pilot will ride 
in an encapsulated cockpit, in a zero- 
altitude, zero-velocity ejection seat, fac- 
ing a display panel. 

Initially the simulator will be a one- 
man vehicle, but brackets, etc., will be 
included so a second seat can be in- 
stalled, making it a two-place trainer. 
Adding dual controls will be simple 
since the system will be fly-by-wire. 

A General Electric CF-700 turbofan 
engine will provide thrust equal to 83% 
of the vehicle’s weight. This is calcu- 
lated to simulate the weight the vehicle 
would have under lunar gravity, which 
is 17% that of the earth’s. The engine 
will be gimbalcd so that its thrust vector 
is always directly opposed to gravity. 

Typical moon landings will be simu- 
lated bv starting a descent from an alti- 
tude of about 5,000 ft. Thrust of the 
engine will cause the descent velocity 
to approximate closely that which would 
be experienced on the moon. The pilot 
will control the simulator’s attitude 
through a control system linked with 
four hydrogen peroxide attitude control 
jets, located on each of the four landing 
legs. Deceleration rockets will be used 
to brake the rate of descent at the 
proper time. 

The lunar landing research test 
vehicle is expected to help answer many 
questions on such subjects as the type 
of display the pilot needs, how the con- 
trol system should be built, what the 
cue should be for firing the deceleration 
rockets and how much stability should 
be required of the attitude control sys- 
tem. Bikle said some "black box” pro- 
ponents in NASA suggested that build- 
ing a lunar landing simulator should 
await decision on the final Apollo con- 
figuration, especially as to cockpit dis- 
play and control system, but Bikle con- 
tends this approach tackles the problem 
from the wrong end. The best clues on 
what will be needed in cockpit display 
and how the control system should 
function probablv will come from the 
simulator work itself, he believes. 

In addition to experimenting with 
various control systems and displays, 
portions of the transparent cockpit en- 
closure can be masked, limiting the 
pilot’s view to determine how much 
cockpit visibility is required. 

At the other extreme of the speed 
spectrum explored by the center is the 
Parcsev, or paraglider research vehicle. 
Built by Center personnel in their own 
shops, it is the only NASA-built aircraft 
in the inventory, and the simplicity of 
the approach to paraglider control and 
handling investigations is obvious. In 
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ANNOUNCING! 

THE TRW-80 CONTROL/DISPLAY CONSOLE 



A versatile, completely modular man-machine communication device for 
MISSION CONTROL CENTERS ■ GROUND COMPUTER COMPLEXES 
FILE DATA MANIPULATION ■ MESSAGE COMPOSITION AND EDITING 


CONTROLS 

■ Full use and control of computer capabili- 
ties without special operator training 

■ Off-line creation and editing of graphic and 
alphanumeric displays 

■ Console functions easily modified by using 
interchangeable keyboard overlays 

■ English language pushbutton inputs 

■ Computer-controlled cueing lights in 
keyboard 


DISPLAYS 

■ Flicker-free aluminized 23-inch TV tube 

■ Maps, charts, diagrams, lines, vectors and 
randomly placed symbols 

■ 64 or 128 symbol font repertoire 

■ Integral core buffer for I/O block transfer 
and saving of computer time 

■ Proven and.accepted, RW-pioneered display 
concepts, circuitry and techniques 




SKETCH of the free flight lunar landing simulator planned for Flight Research Center. 
Pilot capsule initially will hold one man, and later will be enlarged to accommodate two. 


fact, the Center has been accused of 
running a hobby shop because of the 
amateur-built appearance of the craft. 

The Paresev now operating is the sec- 
ond model constructed here. The first 
was wrecked on takeoff because of the 
pilot’s unfamiliaritv with the technique 
required when being towed by another 
aircraft. A simple remedy was found by 
checking the prospective paraglider pil- 
ots out in a two-place sailplane, with 
Biklc doing the instructing. A couple 
of hours’ instruction from Bikle. who 
has won numerous trophies here and 
abroad in his 23 vears of soaring as a 
hobby, proved to be sufficient to teach 
the technique. 

The present Paresev is a refinement 
over the first, chiefly from the control 
system standpoint. It is maneuvered by 
shifting the center of gravity of the 
whole machine through four cables 
linked to a control stick. Rudder pedals 
are provided but serve only to steer the 
nose wheel. Research pilot M. O. 
Thompson says the rudder pedals also 
serve as handy foot rests in the air and 
admits that he finds himself "coordi- 
nating" the rudder pedals with aileron 
inputs out of long habit. 

Wing of the paraglider is formed by 
three spars braced to make a delta with 
45-deg. sweep. The airfoil is made from 
6 oz. Dacron formed into a delta with 
55-deg. sweep. The excess material in 
the sail allows it to billow in flight, giv- 
ing the airfoil the proper aerodynamic 
characteristics. The glider weighs 640 
lb., including pilot Thompson, and has 
a wing loading of 4.25 psf. For 


lack of a specific category under which 
to license the craft, NASA obtained a 
Federal Aviation Agency experimental 
certificate, just as would someone with 
a home-built aircraft. Since there is no 
tail or fuselage on which a license num- 
ber could be displayed, a special plate 
sporting the number N9765C was at- 
tached to the wing support strut. 
Cautious Exploration 

On typical test flights, the Paresev 
has been towed to 5,000 ft. by a Piper 
Super Cub, rented— with pilot— from a 
local airport. The obvious high drag 
configuration of the paraglider makes 
this quite a chore for the Super Cub, 
and a more powerful tow plane is being 
sought. So far, no great amount of 
maneuvering has been attempted with 
the Paresev, and exploration of its char- 
acteristics is proceeding cautiously. De- 
spite its simple appearance and the wide 
publicity given to the Rogallo wing con- 
cept, the little craft has some rather 
tricky flying qualities. 

At a forward speed of 35 kt., for ex- 
ample, the sink rate is 1,200-1,500 ft./ 
min. Or, using the same dimensions for 
both speeds, a forward speed of 60 ft/ 
sec. produces a sink rate of 25 ft. /sec., a 
performance far worse than that of a jet 
fighter with a dead engine. Lift/drag 
ratio is about 3.0, compared with 3.5 
for the X-l 5. 

Tlie paraglider does not exhibit sta- 
bility characteristics similar to those of 
an aircraft. A pull force is required on 
the stick to maintain a constant air- 
speed if the airspeed is either increased 


or decreased from the trim point. In a 
more conventional aircraft, one expects 
to apply a push force when flying faster 
than trim speed and a full force if fly- 
ing slower. Thompson also points out 
that very little energy is available for 
flareout on landing. The wing flies at a 
high angle of attack and obviously pro- 
duces a lot of induced drag which, 
coupled with the profile and parasite 
drag of the cockpit, causes the speed to 
bleed off rapidly when the attitude is 
increased for landing flareout. 

Program Pushed 

Despite flying difficulties, the test 
program is being pushed because of the 
obvious uses of the Rogallo wing in cap- 
sule and booster recovery applications. 
First operational use of a Rogallo wing 
will be for landing the two-man Gemini 
capsule. 

Once the test program here has been 
pushed far enough to establish the han- 
dling qualities of the paraglider, the 
next step will be to remove the wing 
support stmts and make it a true Ro- 
gailo wing. The only remaining prob- 
lem will be how to keep the wing from 
falling on the pilot after landing. 

Lessons learned from the Paresev will 
be applied by the Flight Research Cen- 
ter in forthcoming tests of an inflatable 
glider being built by North American 
Aviation for possible application to both 
the Gemini and the three-man Apollo 

Future projects include an extensive 
dual program to explore problems of 
operating supersonic transports, for 
which a Convair B-58 soon will be 
added to the Center's inventory. At the 
same time that NASA is conducting ex- 
periments to determine control system 
requirements, FAA personnel will be in- 
volved in obtaining data for Air Traffic 
Control and certification criteria. 

One parameter which badly needs de- 
fining is stalling speed. Even today, 
FAA criteria regarding stall speed as 
applied to swept-wing jet transports is 
not adequate. In a swept-wing aircraft, 
stall speed is generally well below the 
lowest usable airspeed, and the latter is 
not adequately defined. What makes 
this worse is that stall speed is the basis 
for most landing and takeoff perform- 
ance limitations. NASA will devote con- 
siderable time to correctly defining stall 
speed and minimum useful speed in the 
B-58 program. 

Bikle said he also expects that NASA 
will let a contract in response to the sev- 
eral proposals that have been submitted 
on a supersonic transport dynamic simu- 
lator. Lockheed and North American arc 
among the companies which have pro- 
posed the use of a Sabreliner or JetStar 
that could be equipped with flight con- 
trol systems designed to duplicate the 
flving characteristics of any number of 
different supersonic transport designs. 
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B & P’s role in the development of Aircraft, Satellite and 
Missile assemblies is certainly a fine example of o in- 
capabilities . . . capabilities that have contributed and 
are contributing to a better future for all of us. May we 
demonstrate these capabilities to you? 


c b»p 


Write today for your copy of the 
new 36 page illustrated book- 
let entitled "COUNTDOWN". 


BROOKS & PERKINS, INC. 

1902 W. For* Street • Detroit 16, Michigan • Tel. TA 5-5900 

Office, lm New Tor*, Washington, to. An get., (long teach), 

Boston (Comb ridge), Dayton, Milwaukee I Waukesha) 



IN . . . 

COMMUNICATIONS 

NAVIGATION 

ELECTRONICS 

Look to SEISCOR 

Behind Seiscor’s reliability in 
these fields is more than 30 years' 
experience in the design ot preci- 

Seiscor, a Division of Seismograph 
Service Corporation, unique capa- 
bilities in the field of space-age 
systems design and manufacture. 
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ir-Service Cord 


a. ?i 



West Coast of Africa taken by earth-sky camera from unmanned capsule in Mercury-Atlas 4 flight. 

Applications 
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COOLING 

SYSTEM 



SURE, IT'S A TEAKETTLE, BOILS WATER. BUT IT ALSO OISSIPATES THE HEAT BENEATH IT, BY BLOWING OFF STEAM. □ AT UTC, WE 
APPLY THIS "BOIL-OFF" PRINCIPLE TO COOL LIQUID-PROPELLANT ROCKET MOTORS. WE MAKE THE THRUST CHAMBER OF OUR 
NEW EPOXY-BONDED. FILAMENT-WOUND MOTOR FROM A TOUGH. ABLATIVE MATERIAL THAT LITERALLY BOILS AWAY UNDER EXTREME 
HEAT, THEREBY PROTECTING THE THRUST CHAMBER AND NOZZLE. □ RESULT: A LOW-COST, RELIABLE MOTOR THAT AVOIDS THE 
PERFORMANCE PENALTIES OF REGENERATIVE COOLING SYSTEMS, YET GUARANTEES 10 MINUTES OPERATION. 

THRUST LEVELS FROM 50 TO TENS OF THOUSANOS OF POUNOS. A STATE-OF-THE-ART DEVELOPMENT FROM UTC. 



United Technology Corporation U 

.o. ... Q 



NASA Plans to Expand Comsat Program 


Grcenbelt, Md.— National Aeronautics and Space Administration will ini- 
tiate two new active communication satellite projects this year— one an 
intermediate altitude (12,000 mi.) vehicle and the other an advanced syn- 
chronous orbit satellite, if present plans are approved by the Administrator and 
Congress authorizes the funding. 

The new projects, together with the present Relay, Syncom and Telstar 
satellites scheduled for initial launch in the coming year, arc complementary 
pieces of a NASA program to resolve technical unknowns and to develop the 
technology that will enable a commercial company to implement an opera- 


tional system of maximum effectiveness 

Defense Department is working 
closely with NASA on the Svncom 
project, a lightweight, limited-channel 
satellite to be launched into a syn- 
chronous. non-stationary 22,300 mi. 
high orbit as the forerunner of an ad- 
vanced satellite intended to be placed 
in a synchronous (equatorial) orbit. 

The NASA communication satellite 
program is expected to play a more 
prominent role in military communica- 
tions than contemplated earlier as a 
result of the realignment of Defense 
Department’s own Project Advent com- 
munication satellite. 

In recent testimony before the House 
Committee on Science and Astronau- 
tics. Assistant Secretary of Defense 
John H. Rubel said that Syncom, be- 
ing developed by Hughes Aircraft Co. 
under NASA contract, will permit 
evaluation of a number of simplified 
control techniques. 


at minimum cost. 

If they prove out, "the possibility 
exists [that] it might ... be more eco- 
nomical to put several of these rela- 
tively smaller and simpler satellites in 
orbit to accomplish a given communi- 
cation capacity and function than to 
use the larger type of satellite contem- 
plated under the Advent program," 
Rubel said. 

Multi-Satellite Program 

NASA is continuing its research and 
development efforts in passive com- 
munication satellites, with emphasis on 
inflatable structures, multiple satellite 
launching with a single booster and 
passive attitude stabilization, according 
to Leonard Jaffe, director of communi- 
cations systems in the Office of Appli- 
cations at NASA headquarters. 

In the Fiscal 1963 budget submitted 
to Congress, NASA requested 585,377,- 
000 for its communication satellite 


program, with funding as follows: 

• Project Relay— 519,141,000. 

• Project Syncom— 54,087,000. 

• Intermediate altitude satellite (new)— 

521.505.000. 

• Advanced synchronous satellite (new) 
-518,601,000. 

• Project Rebound (passive satellite) — 
$16,747,000. 

• Project Echo (passive satellite)— 

5135.000. 

• Advanced research— 52,688,000. 

• Advanced technical development— 
$2,473,000. 

The first six projects, which involve 
launching operations, include the cost 
of boosters. Project Telstar is not in- 
cluded in the list because American 
Telephone & Telegraph Co. is under- 
writing its construction cost and will 
reimburse NASA for launch costs. 

The Relay and Syncom satellites, 
which NASA is funding, and the Tel- 
star, funded by the Bell System, are de- 
signed to explore a number of the 
present unknowns with a certain 
amount of intentional overlap. 

The communication satellite pro- 
gram is assigned to Goddard Space 
Flight Center and is directed by Rob- 
ert Mackey in the Spacecraft Systems 
and Projects Division, headed by 
Daniel Mazur. 

• Project Telstar, presently scheduled 
to be the first launched with an objec- 
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SIMPLIFICATION IMPROVES 

GYRO AND ACCELEROMETER 


RELIABILITY 

One of the methods for achiev- 
ing reliability in Honeywell Rate 
Gyros and Linear Accelerometers 
has been concentration on simplic- 
ity in design. Components with 
fewer parts and reduced friction 
for more reliable operation have 
been the result. These instru- 
ments have a record of proven 
performance in flight control, rate 
stabilization, attitude control and 
rate damping. 



In the new Model MS-100 Minia- 
ture Rate Gyro (shown approx. % 
size) self-check which is electrically 
independent of the operating circuits 
has been added to the proven M-100. 
Both a spin motor run detector 
(SMRD) and a gimbal torquer are 
provided for true verification of the 
gyro's readiness to perform. Other fea- 
tures include unique quadrilever spring 
construction and greater shock and 



Type LA-800 Series (shown approx. 
3 /< size) is the smallest non-pendulous 
Linear Accelerometer available today 
that features a variable reluctance 
pick-off and essentially constant damp- 
ing over the -65'F to +250°F tem- 
perature range. Ideally suited for ad- 
vanced aircraft and missiles, this 


tion up to 80 G. 


Single Source for Flight 
Control Packages 



The Honeywell Designed Three-Axis 
Rate Gyro Package shown above has 
been selected for the Saturn Program. 

requirements to meet systems specifi- 


Honeywell Designs Complete Gyro Overhaul Facility for MAAMA 



RESEARCH AND 
DEVELOPMENT NEWS 



Hundreds of Kilowatts 
Now Available with 
Versatile Semiconductor 
Circuitry 

Honeywell's Boston Division brings 
to high power applications the solid 
state advantages heretofore available 

Shown above is a 1 kilowatt Semi- 
conductor Linear Audio Amplifier for 
driving sonar transducers. High Power 
Semiconductor Amplifiers with multi- 
kilowatt ratings are now feasible for 
those applications where vacuum tubes 
are undesirable, magnetic amplifiers 

audio drivers with high capability a 
necessity. 

Other Boston Division R&D areas 
include Magnetics, Solid State Trans- 
ducers, Fuel Cell Controls and Opti- 
mal Control Analysis. 

For more information in your specific 
area of interest, write to Minneapolis- 
Honeywell, Boston Division, Depart- 
ment S, 1400 Soldiers Field Road, 
Boston 34, Mass., or call your local 
Military Products Group Office . . . 
Sales and Service Offices in all princi- 
pal cities of the world. 


Complete equipment for testing, analysis and overhaul of rate 
gyroscopes by depot personnel has been designed and delivered 
to the Olmstead Air Force Base by Honeywell's Boston Division. 
Included in this new facility are Honeywell Rate Gyro Test Sets 
and Frequency Response Analyzers for static and dynamic 
analysis of gyroscopes, demodulators, amplifiers and three-axis 
rate gyro packages under simulated environment 


Honeywell 


live of achieving an apogee of ap- 
proximately 5,000 mi. and a perigee of 
500 mi., will weigh about 170 lb. and 
provide bandwidth for transmitting one 
television channel or 600 one-way voice 
channels. It will transmit on a fre- 
quency of 4,170 me., with an output 
power of about 21 watts, and receive 
on 6,590 me. The 541-in. dia. spheri- 
cal spacecraft will be spin-stabilized; 
therefore, the doughnut-shaped radia- 
tion pattern produced by its equatori- 
ally mounted antennas will illuminate 
the earth only for a portion of each 

• Project Relay, being built by Radio 
Corp. of America, ts scheduled for 
launch this fall into an orbit similar 
to Telstar. The 160-lb., top-shaped 
satellite will carry dual transmitters, re- 
ceivers, telemetry receivers, command 
receivers and decoders, providing back- 
up service. Each satellite transmitter- 
receiver will have a bandwidth capable 
of handling one TV channel. Relay 
will transmit on a frequency of 4,170 
me., with an output power of 10 watt.s. 
four times the power of Telstar, and 
it will receive on a frequency of 1,725 

This will permit comparison between 
Relay and Telstar to evaluate the dif- 
ferent operating frequencies and radi- 
ated power levels. Relay, like Telstar. 
will be spin-stabilized so its doughnut- 
shaped radiation pattern will illuminate 
the earth only during a portion of each 
orbit. Relay will be equipped with a 
magnetic attitude control system, simi- 
lar to that pioneered by RCA on the 
Tiros meteorological satellite, which can 
produce small changes in vehicle atti- 
tude through interaction with the ter- 
restrial magnetic field. 

• Project Syncom, slated for launch 
early next year, is expected to weigh 
about 60 lb., not including the weight 
of the built-in rocket intended to kick 
it into orbit when it reaches 22,500 
mi. altitude. It will be the first U. S. 
attempt to put a satellite into orbit at 
this altitude, but it will not hover over 
a single location with respect to the 
earth. Rather it will sweep out a figure- 
eight pattern. Syncom will provide only 
a single two-way voice channel because 
of booster-pavload limitations, but it 
will offer the first opportunity to evalu- 
ate time delay and echo problems re- 
sulting from such a long communica- 
tion path. Additionally, it will permit 
evaluation of an unusual control system 
devised by Hughes Aircraft. The satel- 
lite will fee spin-stabilized, but once it 
is in orbit small control jets will be 
actuated which are expected to cause 
the satellite to precess 90 deg. due to 
gyroscopic moments so that its spin axis 
is at right angles to the orbital plane. 
If this is successful, the satellite will 
spin like a wheel rotating around the 
earth so that its doughnut-shaped radia- 


tion will always be directed toward the 
earth— unlike Relay and Telstar. If the 
Hughes technique proves out, it will 
open the way to providing highly direc- 
tional earth-oriented antenna radiation 
patterns without complex antenna 
stabilization systems. Syncom will 
carry dual transmitter-receivers and will 
transmit at 1,815 me., with an output 
power of about 2J watts, and receive 
at 7,560 me. This will provide a third 
set of frequencies whose space per- 
formance can be evaluated. 

Radiation Experiments 

To obtain data on the effects of space 
radiation on payload performance and 
lifetime, both the Telstar and Relay 
satellites will carry modest radiation 
experimentation equipment. Syncom 
will not be so outfitted because of pay- 
load weight limits. 

Telstar will carry four silicon diodes 
designed to measure protons at various 
energy levels between approximately 
two and 80 million electron volts 
(mcv.) and electrons with energy levels 
of 0.25 to 1 mcv. 

Additionally. Telstar will mount 
three solar cells, each with a different 
amount of shielding, whose output will 
be telemetered back to earth. Also, 
six silicon transistors, specially fabri- 
cated with a wide base region to make 
them extremely sensitive to radiation 
damage, will be mounted on the skin 
in pairs, each pair shielded by a dif- 
ferent amount. Their output also will 
be monitored in comparison with a 
seventh transistor which has been pre- 
radiated prior to installation, according 
to Charles P. Smith, Telstar project 
manager at Goddard. 

The Relay satellite will carry an even 
more sophisticated radiation experi- 
ment. including four proton sensors, 
two electron sensors, 27 silicon solar 
cells and three gallium arsenide solar 
cells. 

Some of the solar cells will be un- 
shielded. while others will carry 50- or 
60-mil thick protective covering, ac- 
cording to Joseph Berliner, Relay proj- 
ect manager at Goddard. 

NASA hopes to obtain more com- 
prehensive data on space radiation from 
its upcoming scientific satellite S-64. 
and from the Defense Department’s 
Arcnts satellite, originally scheduled for 
launch by a Centaur. 

Other Research Areas 

To develop improved techniques re- 
quired to implement a communication 
satellite system, NASA hopes to expand 
its research and advanced development 
in the following areas: 

• Attitude stabilization— Major im- 

provement can be achieved if extremely 
simple and reliable techniques can be 
devised for keeping the satellite’s an- 
tenna or its radiation pattern continu- 


CATASTROPHIC I 
FAILURE? 

NOT 

THIS 


POT! 



and hard, smooth surface . . . wiper gall- 
ing and bounce are eliminated. Service 
continuity and performance predictability 
are assured even under environmental 
extremes, often beyond 50.000,000 
revolutions! 

Rotary or rectilinear. Markite pots offer 
infinite resolution and other outstanding 
electrical characteristics. Write for Bul- 
letin 726 or send in your specifications. 


Markite Corporation, 155 Waverly Place 
New York 14. New York-ORegon 5-1384 
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Ultimate reliability, extended overhaul 
periods, and maintainability were 
primary requirements in the design of the 
Boeing Vertol HC-1B helicopter. 

For development manufacturing and 
production of the all-important 
transmissions for what has been called 
America's "most powerful helicopter,” 
Boeing Vertol looked to Foote Bros.' 
total capability for the answer. 

In production and flying, the Chinook is 

meeting— in full— all of the 

U.S. Army's primary requirements. 


Foote Bros, offers coordinated facilities in these areas: 


DESIGN 

A completely staffed 
Design Engineering Group 


achievement in systems 
and development. 


DEVELOPMENT 
MANUFACTURING 
Long experience in working 

gives us the ability to 
move quickly and surely 
to successful completion 
of preliminary development. 


procedure experience 


PRODUCTION 
Foote Bros, production 

are keeping pace with the 
ever-increasing demands of 
the aero/space industry for 
greater product reliability. 


FOOTE BROS. 



Foote Bros, total capability is at your service. 


GEAR AND MACHINE CORPORATION 

4545 South Western Boulevard. Chicago 9, Illinois 


POWER TRANSMISSION DRIVES 
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ously directed toward the earth. NASA 
is emphasizing techniques that do not 
require the use of expandable fuel to 
assure long life in orbit. Earth-attitude 
stabilization provides more effective use 
of satellite transmitter power by per- 
mitting the use of directional antennas. 
It also permits use of smaller antennas 
and lower-power transmitters in tcr- 

• Higher gain antennas— When earth- 
attitude stabilization can be accom- 
plished, antennas with higher gain can 
be used. In terrestrial applications, in- 
creased gain usually is accomplished 
by increasing the size of the antenna, 
but this approach poses problems for 
space vehicles because of payload size 
limitations. One promising technique 
for a satellite antenna with a gain of 
18 db. and no rotating mechanical 
parts, currently under development by 
Hughes Aircraft, was recently reported 
at the National Aerospace Electronics 
Conference in Dayton (AW June 11, 

p. 88). 

• Improved modulation techniques— As 
satellite payload weight limitations ease 
and/or improved electric power sources 
become available, different types of 
modulation techniques may prove use- 
ful. The choice also depends upon 
whether the bandwidth required is nar- 
row or wide. NASA hopes to conduct 
side-by-side comparisons in a satellite 
to evaluate the relative performance 
of a variety of techniques, such as pulse 
coding and single sideband. 

• Improved power sources— Depend- 
able, long-lived electric power sources 
still are a much-sought objective, ac- 
cording to Jaffe. While others in 
NASA are responsible for developing 
advanced spacecraft power technology, 
the communications satellite group is 
sponsoring development of improved 
solar cells and is investigating radioiso- 
tope power packages for possible use 
in communication satellites, according 
to Jaffe. 

Passive Satellites 

Tire future role of passive communi- 
cation satellites largely depends upon 
whether a simple, reliable technique 
can be devised for attitude stabilization 
to earth orientation of large, non- 
sphcrical configurations, Jaffe believes. 
An additional need is the development 
of techniques for fabricating extremely 
large, inflatable, non-spherical struc- 
tures capable of maintaining their 
structural integrity for extended periods 
in space. 

NASA recently awarded a contract 
to General Dynamics/Convair to con- 
duct a parametric study of gravity 
gradient stabilization of a passive satel- 
lite which might be shaped like an in- 
verted umbrella. The study seeks to 
determine whether gravity gradient 
stabilization would be seriously dis- 


turbed bv solar winds and radiation 

In the search for lighter weight in- 
flatable structures. NASA is sponsoring 
programs at G. T. Schjeldahl Co. and 
Geophysics Corp. of America’s Viron 
Division. Schjeldahl has developed a 
three-layer foil-plastic laminate in 
which the outer metal foil layers are 
photo-etched to form a honeycomb- 
shaped pattern which reduces over-all 
weight by about one-third without sig- 
nificant loss of structural rigidity, ac- 
cording to Herbert Eaker, who heads 
Goddard's passive satellite program. A 
somewhat similar result has been 
achieved by Geophysics Corp., using an 
expandable mesh foil which is encased 
in a sandwich of Mylar or polypropy- 

Project Rebound 

Goddard scientists currently are ana- 
lyzing the results of a Douglas Aircraft 
Co. study of the feasibility of multiple 
passive satellites launched from a single 
booster, known as Project Rebound. 

An Agena-typc second stage would 
serve as the carrier vehicle for three 
inflatable satellites, each housed in a 
canister equipped with three solid 
rockets and with a nitrogen vernier and 
associated controls. The carrier and 
payload, weighing about 2,800 lb., 
would be boosted into an elliptical or- 
bit with an apogee of about 1,500 mi. 
Upon reaching apogee, the earner 
vehicle would be spin-stabilized. 

Tlie three inflated satellites should 
end up approximately equally spaced in 
a circular orbit. But this requires pre- 
cise control of carrier vehicle attitude 
and the instant of ejection of the 
canister. 

NASA hopes to make another at- 
tempt to inflate a 135-ft.-dia. Echo 2 
satellite at altitude this summer, as a 
prelude to placing the larger version 
of Echo 1 in orbit later this year. The 
satellite used for vertical launch infla- 
tion tests will be equipped with a new 
type of tracking beacon, which will also 
telemeter back data on the balloon's 
skin temperature. A more advanced 
beacon, intended to telemeter back 
both skin temperature and pressure, 
under development by Aero Geo Astro 
Corp.. is planned for use on the orbital 
Echo 2. The company also is redesign- 
ing the beacon, which is powered by 
solar cells, to improve its efficiency and 
power output for use at higher alti- 
tudes, Eaker said. 

A considerable number of ground 
stations in the U.S. and abroad are 
expected to participate in the forth- 
coming active communication satellite 
tests. The large AT&T facility at An- 
dover, Me. (AW Apr. 16, p. 106), has 
been outfitted for use both with Telstar 
and Relay. Other Telstar terminals will 
be located at Plcumeur-Bodoy, France, 
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another week 
this motor 
will complete 
one 

revolution 



Why so slow? 

Because tracking radar, radio telescopes 
and guidance simulators all need this servo 
motor. It will rev up to 500 rpm and 
throttle down to 1/60,000 rpm smoothly 
. . . accelerate up to 40,000 radians per 
sec. per sec. . . . produce infinitely control- 
lable torques to 3500 in. lbs stay rock 

stiff (no gears, no backlash). 



Cirntrol's unique Acradrive 
22 cu. in. per rev, 8 cylinder radial 

Hydraulic Servo Motor 


Available now. Write for Bulletin M-2281 B 


CIMTROL DIVISION 
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THIS IS A SPACE AGE STEEL MILL 


At first glance these units appear 
to be small missiles, secure on 
their launching pads, awaiting 
blast off. But they're furnaces, 
Space Age steel furnaces located 
at Latrobe Steel Company. ♦ Out 
of these furnaces come Vac Arc® 
steels, the special high strength, 
heat resistant alloys needed for 
jets, missiles, rockets and other 
Space Age products. Ingots are re- 
melted . . . drop by drop . . . under 
a high vacuum to remove gases 
and impurities from the alloys be- 
fore they are sent on to the rolling 
mills and forging presses. ♦ La- 
trobe Steel, currently in its 50th 
year of business, entered the Space 
Age in February, 1959 when the 
first arc was struck in the com- 
pany's first vacuum furnace. In 
August, 1961, a second furnace 
was installed and in February of 
this year a third unit went into op- 
eration. The demand for the super 
alloys produced by Latrobe's fur- 
naces is so great that all of them 
are now operating at capacity with 
substantial backlogs. A fourth fur- 
nace is on order for delivery in 
mid-summer. ♦ These new fur- 
naces are just one step in the di- 
versification and growth of Latrobe 
Steel, a company long recognized 
as the leader in quality tool and 
die steels. 


LATROBE 

STEEL 

COMPANY 

LATROBE. PA 
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and GoonhiHy, England. Both stations 
also will be active in the Relay experi- 

Facilities in Germany, Italy and 
Brazil also will be used in the Relay 
tests and discussions have been held 
with India and Japan for their possible 
participation. 

Transcontinental experiments using 
Relay will be carried out by NASA's 
Goldstone facility in California and its 
station at Wallops Island, Va., the 
AT&T Andover station and an Inter- 
national Telephone & Telegraph Co. 
station at Nutlev, N. J. The ITT fa- 
cility also will conduct narrow-band, 
north-south transmissions via Relay to 
a station at Rio de Janeiro, Brazil. 

The facilities at Goldstone and Nut- 
lev will include command and telemetry 
for checking internal operation of the 
satellite as it comes over the horizon 
and turning its communications trans- 
mitter-receiver on and off. 

NASA will be responsible for inte- 
grating the schedule of experiments run 
with Telstar, to present interference be- 
tween it and Relay satellites and to 
avoid depletion of the payload bat- 

Plans for Telstar call for both ob- 
jective and subjective types of tests, 
including transmission of tone signals, 
measurement of noise, transmission of 
one-way and two-way pulse-coded mes- 
sages and one-way television type sig- 
nals. Subjective tests will involve trans- 
mission of TV program material and 
both live and taped voice messages. 

Tests planned for Relay include 
measurement of teletype error rates, 
using both digital and frequency-shift- 
-keying, quality of voice and television 
transmissions, gain and phase stability, 
distortion, and noise-interference. 

Present plans call for Syncom to be 
launched into a 30-deg. inclined orbit, 
which will station the satellite at ap- 
proximately JO deg. west longitude, 
over the mid-Atlantic, according to 
Alton Jones, Syncom project manager 
at Goddard. The satellite will make 
figure-eight tracks with respect to a 
point on the earth between 30 deg. 
north and south latitudes. To prevent 
drift of the satellite, Syncom will be 
equipped with a small control jet which 
will be actuated as required upon radio 
command. 

The Syncom will be launched by a 
Thor-Delta and will contain a solid- 
propellant rocket, making total pre-orbit 
payload weight to about 125 lb. The 
launch will aim for a highly elliptical 
orbit whose apogee is approximately 
22.300 mi. When the payload reaches 
this altitude it will separate from the 
second stage and the rocket in the 
core of the satellite will be Bred to 
provide the additional energy needed to 
place it in orbit at the apogee altitude. 

At separation from the booster sec- 


ond stage, the satellite will be set to 
spinning at approximately ISO rpm. 
with its spin axis aligned with the 
orbital plane. Shortly afterward, hydro- 
gen peroxide jet controls on board the 
satellite will Ire actuated to maneuver 
the vehicle into the desired longitude. 
When this has been accomplished, cold 
nitrogen gas jets will apply a torque in 
such a direction as to cause the satellite 
spin axis to process through a 90-deg. 
angle until it is at right angles to the 
orbital plane so that the antenna radia- 
tion pattern is directed along the orbital 
plane toward the earth. 

With the coming availability of larg- 
er boosters, such as the Atlas-Agena B, 


NASA can overcome some of the limi- 
tations imposed on first-generation 
communication satellite tests. The 
Atlas-Agena B can place a 600-lb. pay- 
load into orbit at altitudes up to about 
12.000 mi., compared with the 150-175 
lb. payload and lower altitude limit of 
the Thor-Delta. It also should permit 
pavloads up to 500 lb. in synchronous, 
22.300 mi. orbits. 

The larger payloads will permit the 
use of earth-oriented attitude stabiliza- 
tion. increasing the percentage of the 
time that a satellite can be used. The 
larger payload also permits carrying in- 
creased power supplies which makes 
possible increased bandwidth. 


NEW JlvcifL BALL JOINTS 

for CRYOGENIC piping 

BARCO offers new, light weight, flexible Ball 
Joints for handling fluid fuels and oxidizers, 
including liquid oxygen, used to power missiles 
and space rockets. Joints are also suitable for 
use in industrial cryogenics for handling lique- 
fied gases. TEMPERATURE: -320‘F to + 275" F. 
PRESSURE: 200 psi operating, 300 psi proof, 
700 psi burst. Shock tested in official "Qualifi- 
cation Tests" to more than 100 G's. 
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for 3,000 to 4,000 P.S.I. Operating Pressure 
Only BARCO 
offers 
BOTH! 
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volves 'll Swivel or gimbal move- 

contraction, or (3) shock motion in 
Missile Fuel Loading Lines, Hydraulic 
Actuating Linesforlnflight or Ground 
Support Equipment, or Permanent 
Launching Site installations. Barco 
Flexible Joints and Assemblies are 
backed by years of successful engi- 
neering experience in this field and 
are available in sizes, styles, and 
types to meet current project require- 


nts. Ask for i 
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Weather Satellite System Due by 1965-66 


Grecnbelt, Md.— National Aeronautics and Space Administration hopes 
to launch next spring its first Nimbus weather satellite, prototype for a 
multi-satellite operational system that is expected to bring the entire world’s 
weather under regular and frequent surveillance by 1965-66. 

National Operational Meteorological Satellite System is being developed 
for use by the U. S. Weather Bureau in a joint agency effort. But the system 
could well become an international one in its ultimate use. Other potential 
users, such as the Defense Department and Federal Aviation Agency, make 
their needs known through a coordinating committee. 


altitude, the Weather Bureau should made at 9 p.m. and 3 p.m. local ti , 

obtain two pictures of weather condi- according to H. I. Butler, associate chief 


'ery spot on the earth 
every 24 hr., one a television picture 
made during daylight hours and the 
other a cloud-cover map made by ' 


for projects of the Aeronomy & Me- 
teorology Division at Goddard Space 
Flight Center. 

To detect the birth and develop- 


. Present plans call for ment of thunderstonns and tornadoes, 


launch of the first Nimbus at approxi- 
mately noon so that its pictures will 


be taken at local noon and midnight needed. This could be accomplished by 

“"*■ 1 — 11 u — ‘ ‘ L “ ~' :l placing more Nimbus satellites in orbit 

at any one time, but an alternative 
approach under NASA study would use 
a different type of satellite, known as 
the Aeros, to complement Nimbus 

Aeros would be placed in a synchro- 
nous equatorial orbit (22,300 mi. alti- 
tude) where it could scan almost one- 


;r each location throughout the 
Because hurricanes and cyclonic 
storms have lifetimes which usually 
exceed 12 hr., a two-Nimbus system 
which would provide one television 
and one infrared picture every 12 hr. 
should pennit detection of the birth 
and growth of such storms. Satellites 
would be spaced to provide TV pic- 


third of the earth’s surface. Three such 
satellites, suitably spaced in longitude, 
could view almost the entire earth con- 
tinuously, except for the polar regions. 

Each Aeros would be outfitted with 
both a wide-angle camera and a tele- 
photo camera. When meteorological 
conditions of special interest were dis- 
closed by the wade-angle camera or by 
a Nimbus low-altitude picture, the ap- 
propriate Aeros satellite would be com- 
manded to aim its telephoto camera at 
the area of interest. 

Aeros currently is only in the pre- 
liminary study stage. Earliest likely date 
for an Aeros launch is around 1966, 
according to Dr. Morris Tepper, direc- 
tor of meteorological systems at NASA 
headquarters. Development is likelv to 
wait until synchronous-orbit-station- 
keeping techniques have been devel- 
oped and proven for other uses, such 
as the communication satellite. 

Present NASA hopes for earlv im- 
plementation of an operational weather 
surveillance system result from the ex- 
tremely successful Tiros program, origi- 
nally started bv the Army and later 
transferred to the space agency. Tiros, 
developed and built by Radio Corp. 
of America’s Astro Electronics Divi- 
sion, is one of the most complex pav- 
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HOW ONE PUMP CAN 
SERVE SEVERAL SYSTEMS 


Engine designers have been recently 
strongly attracted by Gerotor pumps 
which permit the incorporation of an 
extra pumping element in a separate 
chamber of the lubricating pump to 
provide fluid pressure for a control 




compact in basic design. It is light- 
weight, valveless, provides exceptional 
performance at high altitudes and has 
low wear over a long service life. In 
addition, it is balanced and extremely 
quiet in operation. 

». Technical data is available and your 
inquiry is invited. Write: 

W. H. NICHOLS CO. 

Makers of Zenith Metering Pumps 
and the Nichols Milling Machine 
"the miller that uses its head". 

48 WOERD AVE., WALTHAM 54, MASS. 


loads put into orbit, but it has been 
one of the most reliable. 

First Tiros launched operated for 
2i months, producing nearly 23,000 
weather photos. Tiros 2 operated for 
10 months and Tiros 3 for 4i months, 
each turning out more than 33,000 

Tiros 4, which was launched last Feb- 
ruary, is still operating and produced 
more than 30,000 pictures in the first 
three months of operation. 

New Set of Tools 

Tiros satellites have given the 
Weather Bureau scientists an entirely 
new- set of tools, some of which require 
more research before they are fully un- 
derstood and can be effectively applied. 
For example, infrared radiation patterns 
from clouds and the ground measured 
on successive Tiros passes show certain 
characteristics in the plots of equal- 
value radiation which may serve to 
pinpoint the breeding grounds for torna- 
does, according to Dr. F. W. Reichel- 
derfer. Weather Bureau chief. These 
patterns also may enable forecasters to 
locate pools of warm water in the oceans 
which arc inhabited by certain types of 
fish, for use by fishermen. 

Although it is premature to talk of 
controlling the weather. Dr. Reichclder- 
fer ventured the prediction that infor- 
mation from weather satellites might 
permit man to break up hurricanes be- 
fore they reach full growth. 

Joint Program 

Under the terms of a NASA-Weather 
Bureau agreement, the space agency is 
responsible for developing the satellites, 
ground data and control stations, for 
data acquisition from the operational 
models, as well as for satellite launching. 
The Weather Bureau is responsible for 
processing the meteorological data, 
analyzing and disseminating it to users 
and for storing the data. Both agencies 
are jointly responsible for data analysis 
and processing during the research and 
development phase to assure that 
Weather Bureau requirements are be- 
nder the terms of the agreement. 
NASA bears the cost of developing and 
launching the development model Nim- 
bus satellites and of developing and 
installing data acquisition and transmis- 
sion facilities, while the Weather Bur- 
eau will fund the procurement of oper- 
ational satellites. 

NASA now has two developmental 
Nimbus satellites on order and negotia- 
tions are under way at present for two 
more satellites, tentatively identified as 
operational models, for launch in 1964. 
If the first two developmental Nimbus 
satellites go into orbit and perform with- 
out major difficulties, the third and 
fourth Nimbuses will retain their opera- 
tional satellite designation (OS-1. OS-2) 



MAJOR 

AIRLINES 

PROTECT AGAINST 
IN-FLIGHT FAILURE 
with 

/iyfo chip 

DETECTORS 

A growing number of major air- 
lines depend on Lisle Magnetic 
Chip Detectors to assure early de- 
tection of internal breakdowns. 
Ferrous particles in a lubricant 
are a proven indicator of impend- 
ing breakdown. The Magnetic Chip 
Detector attracts these particles 

lated gap in the Detector, com- 
pleting a circuit which activates 
a warning light on the instrument 
panel. 

Early detection means constant 
protection against in-flight failure. 
Write (or Catalog and 
application data 
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K-SEALs of many sizes and configu- 
rations have been "on the job" part- 
ners on most of the major U.S. missile 
and orbital shots.* 

So, if you've a tough sealing 
problem (on this or the other side of 
the moon) call on us. Our service and 
sealing know-how, we feel, are both 
equally unlimited. 



FREE TO ENGINEERING GROUPS 

New 30-minute color film 
'Ceiling Unlimited' 

. . . dramatic story of our Astronauts. 
Write for new 38-page brochure. 


i/fMui&f/. — 

2908 N. Naomi St.. Burbank. Calif. 
Telephone: Victoria 9-4585 
TWX: BRB 4416 


and become the first elements of 
Weather Bureau’s operational system. 

If, however, the first two models en- 
counter difficulties requiring major re- 
design, then the third and possibly the 
fourth Nimbus satellites will revert to 
developmental status to prove out the 
attempted fixes. In this event, the fifth 
and sixth satellites would take on the 
OS-1 and OS-2 designations. 

Naturally the Weather Bureau will 
make use of weather photos obtained 
from the developmental Nimbus, much 
as it has done with the experimental 
Tiros satellites. 

For the upcoming year, NASA's 
budget request for its meteorological 
satellite program totals 551,185,000. 
Tin's total includes the cost of launch- 
ing vehicles, but not the cost of 
Weather Bureau operational models 
which are funded by that agency. The 
breakdown of this total is as follows: 

• Tiros 4, 5, 6, and 7-$?, 390, 000. 
Tiros 5 was launched successfully last 
June 19 and the two subsequent satel- 
lites are scheduled for launch at roughly 
five-month intervals. If all are success- 
ful. an additional back-up payload may 
also be orbited. 

• Nimbus 1, 2-517,854,000. These are 
the first two development models, some- 
times referred to as Nimbus A and B. 

• Nimbus 3, 4-517,060,000. These arc 
tentatively identified as the second pair 
of development satellites, unless the first 
two Weather Bureau Satellites must be 
diverted for such purpose, in which case 
these satellites would probably be trans- 
ferred to the Weather Bureau. 

• Meteorological sounding rockets— 

51. 468.000. 

• Advanced research— 51,808,000. 

• Advanced technical development— 

59.605.000. 

Figures shown above for Nimbus do 
not represent the cost of the two space- 
craft because NASA uses incremental 
funding spread over several years, and 
the launch costs also are included. 

When NASA can provide the 
Weather Bureau with a Nimbus of the 
required performance and reliability, it 



ALUMINUM wire mesh sphere developed 
by Geophysics Corp.’s Viron Division to 
explore passive satellite structures. 


will turn its attention to evaluating new 
types of sensors for possible use on later 
models of the operational Nimbus. The 
base of the Nimbus structure, in which 
sensors and other payload elements are 
located, was designed to permit substi- 
tution of different subsystems. 

One presently planned future experi- 
ment involves the use of a weather 
radar, with its antenna mounted directly 
underneath the spacecraft, to measure 
precipitation content of clouds. Small 
holes in the antenna would permit the 
television cameras to have an unob- 
structed view. 

Second planned future experiment 
will carry an infrared spectrometer 
which will measure infrared radiation in 
narrow spectral intervals in the 15 
micron carbon dioxide absorption band, 
from which it should be possible to de- 
termine the temperature of the atmos- 
phere at different altitudes. 

The concept, originally proposed by 
L. D. Kaplan of the Jet Propulsion 
Laboratory, assumes that carbon dioxide 
is uniformly mixed through the free at- 
mosphere. On this basis, data from radi- 
ation measurements in 10 spectral in- 
tervals, each less than 10 wave numbers 
wide, could be used in 10 simultaneous 
equations to compute temperatures al 
each of 10 different pressure altitudes, 
Kaplan suggested. The experimental 
model, using a four-interval spectrom- 
eter. is being developed by Barnes En- 
gineering Co. under Weather Bureau 
sponsorship. 

Other planned future experiments in- 
clude the evaluation of radio sferics de- 
tectors for tracking thunderstorms and 
evaluation of an electrostatic recording 
television camera under development 
by RCA, which would eliminate the 
need for a magnetic tape recorder to 
store television pictures between passes 
over ground stations. 

NASA expects that Nimbus satellite 
research and development costs will 
begin to taper off in Fiscal 1964, when 
the total Nimbus research and develop- 
ment effort will have cost slightly more 
than 5100 million. 

Ideally, a ground station located at 
the North or South Pole could interro- 
gate a Nimbus satellite and read-out 
its stored weather pictures on every pass, 
but such a location is impractical from 
a construction and logistics viewpoint. 

Most convenient compromise loca- 
tion which NASA has selected is a site 
near Fairbanks, Alaska, which should 
permit contact with Nimbus satellites 
in their 80-deg. inclined orbits during 
10 or 1 1 out of every 14 orbits each will 
make daily. 

To supplement this coverage, the 
U. S. currently hopes to work out ar- 
rangements with Canada for installa- 
tion of a similar facility in the Canadian 
northeast. Discussions arc under way. 

Goddard Space Flight Center has just 
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completed the installation of its new 
Alaska Data Acquisition Facility, a 55 
million unit near Fairbanks, which will 
be used with the first Nimbus and for 
far-ranging scientific earth satellites, 
such as the Eccentric Geophysical Ob- 
servatory (EGO) and the Polar Orbiting 
Geophysical Observatory (POGO). The 
Alaska facility is equipped with an 85- 
ft.-dia. antenna. 

Because the operational meteor- 
ological satellite system will require a 
full-time data acquisition facility, 
Goddard plans to construct a similar 
facility, with an 85-ft.-dia. antenna, 
at Fairbanks. The dual facility will 
also enable one station to serve as a 
back-up to the other in an emergency. 

Fiscal 1962 NASA budget provided 
512.1 million for initial work on the 
ground stations required for an opera- 
tional weather satellite system. For 
Fiscal 1963, the agency has requested an 
additional 55.5 million. It also is seek- 
ing 51-1 million for wideband com- 
munication facilities capable of trans- 
mitting weather photos from these sta- 
tions to the National Meteorological 
Center and to Goddard, both located 
just outside Washington, D. C. The 
communications link is to have a band- 
width transmission capability of 96 kc. 
Nimbus Complexity 

Nimbus is a far more complex space- 
craft than its Tiros predecessor. The first 
model, scheduled for launch in the 
second quarter of 1963, is expected to 
weigh about 700 lb., more than twice 
the weight of Tiros. Launch vehicle 
will be a Thor Agena B, fired from the 
Pacific Missile Range. 

NASA is studying the Atlas Agena B 
or a modified Tlior Agena B as launch 
vehicles for later models of the Nimbus 
to permit greater payload weights, ac- 
cording to Harry Press, Nimbus project 
manager at Goddard Space Flight 
Center. The first model will not carry 
the dual camera packs and other re- 
dundant circuitry which Press believes 
are needed to achieve the desired oper- 
ating lifetime of six months or longer. 

One example of the increased com- 
plexity of Nimbus is its attitude sta- 
bilization. Where Tiros was spin 
stabilized so that its cameras aimed at 
the earth only for about 20% of the 
time, the Nimbus will be earth-oriented 
by means of horizon sensors so that its 
cameras always are directed toward the 

Tiros solar cells are mounted along 
the surface of the drum-shaped space- 
craft which exposes only a fraction of 
the total cells to direct sunlight, produc- 
ing an output of about 20 watts. The 
Nimbus solar cells are mounted on two 
large paddles which automatically arc 
titled about their pitch axis to aim the 
cells at the sun. The paddles also are 
directed toward the sun in azimuth by 
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Grumman 
in Space 


Frictionless conditions encountered 
in space are simulated by Grum- 
man's airbearing attitude table. 
Supported on a 1/1000-inch-thick 
air cushion, the table is capable of 
holding five men, but would tilt at 
the drop of a feather. 


1 5 x 20-foot stainless steel Environ- 
mental Space Chamber simulates 
vacuumized conditions comparable 
to those found at 200 miles altitude. 


This huge centrifuge is capable of 
subjecting a one ton spacecraft to 
a stress of 40 times the force of 
gravity. 


New window on the stars 


The Orbiting Astronomical Observatory (0A0), when 
launched, will be the largest unmanned satellite to be 
put into orbit. Being developed by Grumman for the 
National Aeronautics and Space Administration, OAO 
will provide our scientists with a new window on the 
stars. The 3,000-pound satellite with its highly sophisti- 
cated equipment will relay to earth long-awaited infor- 


mation on cosmic phenomena. This prototype is one of 
the many important weapons and space systems being 
refined or already in production at Grumman. It is the 
product of Grumman's extensive facilities and human 
resources— Grumman capability. It is one answer to the 
challenges of a changing world— keeping the peace and 
exploring the unknown. 



GRUMMAN AIRCRAFT ENGINEERING CORPORATION 

Bethpage . Long Island . New York 


Drawing of new Space & Missile 
Center which will further expand 
Grumman's aerospace activities, 
providing accommodations for a 
larger scientific, engineering and 
^ support staff. 



means of sensors on the spacecraft 
which orient it in yaw. Output of the 
Nimbus solar cells is about 400 watts, or 
20 times that of the Tiros. 

Where the late model Tiros satellites 
carried two wide-angle television cam- 
eras, the first Nimbus will carry a pack 
of three cameras and later models are 
expected to carry two such packs, or a 
total of six cameras. The second pack 
is intended as a back-up, but probably 
will be used on alternate orbits to exer- 
cise the equipment and keep a check 
on its operability. 

Within each camera pack, the three 
videcons will be trained to provide 
slightly overlapping coverage. Com- 
bined area of surveillance from the 
pack will be approximately 1,500 naut. 
mi., at right angles to the satellite di- 
rection of motion, and 350 naut. mi. 
deep, at an altitude of 600 mi. 

Photos will be made at approximately 
100 sec. intervals during daylight passes, 
providing modest overlap of successive 
pictures in the direction of motion. 
During the course of each orbit, a 
Nimbus camera pack is expected to pro- 
duce approximately 1,300 individual 
pictures. 

Videcons used in Nimbus will have 
an 800-line scan per frame, compared 
with 500 for Tiros. This will give a 
resolution of about one-half mile, com- 
pared with approximately two miles for 
Tiros. 

Infrared Sensors 

Increased sophistication of Nimbus 
also shows up in its improved infrared 
sensors, to provide finer-grain detail on 
nighttime cloud cover and earth heat 
balance. Presently planned infrared 
radiation sensors include: 

• Iligh-resolution infrared radiometer, 
sensitive in the 3.4 and 4.2 micron re- 

S 'on, will serve as the eye of the Nim- 
is for night passes to map the tem- 
perature of clouds or of the ground 
and ocean, in cloud-free areas. Resolu- 
tion expected is to within approxi- 
mately 5 mi., compared with 30-mi. 
resolution obtained from Tiros sensor. 
• Medium-resolution infrared radio- 
meter, will measure radiation in five in- 
frared and near-infrared bands. These 
include: 0.2 to 4.0 microns, earth-re- 
flected solar radiation; 0.55 to 0.75 mi- 
crons, solar energy reflected from day- 
time cloud cover; 6.5 to 7.0 microns, 
water vapor absorption; 10 to 11 mi- 
crons, atmospheric window; and 7 to 30 
microns, thermal radiation from the 

Another interesting difference be- 
tween Tiros and Nimbus programs is 
that Goddard is acting as prime con- 
tractor and system engineer for Nim- 
bus, a role which RCA performed for 
the Tiros. The basic Nimbus space- 
craft configuration and structural de- 
sign was done by Goddard, and it has 


CRYOGENICS 


Refrigerator- 

Liquefiers 



At the present time, CRYENCO is 
building three hydrogen refrigerator- 
liquefiers for association with bubble 
chamber research. Cryenco engineers 
have had major responsibilities for pro- 
duction of five of the six largest hydrogen 
refrigerator-liquefiers designed for bub- 
ble chambers in the free world. Expcri- 

testing rocket motors at 10 0 , space cham- 
bers for satellite and space vehicle en- 
vironmental studies at .10 °, as well as 
bubble chamber applications in particle 
accelerators. Production of related items 
include: nitrogen liqucfier, high pressure 
cryogenic purifiers, refrigerated dryers. 


low temperature absorbers, ortho-parahy- 
drogen catalyst, etc. Free your physicists 
and engineers for fundamental research! 
Let Cryenco engineers design and build 
your custom equipment, meeting your 
exact requirements. Write Cryenco for 
full details on their low-temperature high- 
vacuum capabilities and experience. 






selected the suppliers of Nimbus sub- 
systems and is following the suppliers’ 

General Electric's Missile and Space 
Vehicle Department is the major Nim- 
bus contractor, with responsibilities for 
detailed design of the spacecraft and 
its fabrication, and for integration of 
all subsystems into the spacecraft. GE 
also is developing the attitude stabiliza- 
tion control system. 

Major Contractors 

Other major contractors on the Nim- 
bus satellite program include the follow- 
ing: 

• Radio Corp. of America: Vidicon 


camera pack and solar cell paddles. 
RCA also is providing clock receivers, 
a tape recorder for the high-resolution 
infrared sensor, and is developing the 
advanced electrostatic recording 
camera. 

• ITT Industrial Laboratories: High- 
resolution infrared radiometer. 

• Santa Barbara Research Center: This 
Hughes Aircraft subsidiary is develop- 
ing the medium-resolution infrared 
radiometer. Hughes itself has the job of 
building the PCM/AM telemetry trans- 

• Radiation, Inc.: PCM telemetry. 

• Texas Instruments, Inc.: Transmitter 
for medium-resolution sensor. 



• General Electronics: S-band trans- 

• Raymond Engineering: PCM tele- 
metry and medium-resolution sensor 
data recorder. 

• Aero Geo Astro: Medium-resolution 
sensor electronics package. 

• California Computers: Clock com- 
mand package. 

• Stanford Research Institute: Data 
utilization studies. 

Nimbus Slippage 

First Nimbus launch date has slipped 
from the last quarter of this year to 
the second quarter of 1963, largely the 
result of troubles encountered by GE 
in the design of its horizon sensor for 
the attitude control system (AW June 
4, p. 32). 

The major problem has been the 
difficulty of determining earth horizon 
to required precision when there are 
clouds present whose radiation distorts 
the apparent position of the earth 
horizon. 

General Electric is redesigning its 
horizon sensor to make it sensitive to 
longer wavelengths in the 12 to 18 
micron region, reducing horizon sensor 
scanning speed and developing lower- 
noise preamplifiers in the hope of solv- 
ing the problem. Press said. 

There have been problems and delays 
with other subsystems for the Nimbus. 
But Press said this is characteristic of 
spacecraft and their payloads. He con- 
cedes that the qualification tests which 
Goddard requires for its spacecraft and 
payload subsystems arc extremely de- 
manding. higher even than those that 
are usually imposed for military equip- 
ment. 

Project Office 

Nimbus project office divides its pro- 
gram into four major areas: spacecraft, 
launch vehicle, data acquisition and 
data utilization. The data utilization 
office is headed by a Weather Bureau 
representative, while the head of the 
data acquisition office is a member of 
the Data Systems Division of the God- 
dard tracking and data systems direc- 
torate. assigned to the Nimbus project. 
The launch vehicle office provides liai- 
son with the Marshall Space Flight 
Center, which is responsible for provid- 
ing boosters. 

Majority of the Nimbus project office 
manpower is applied to the spacecraft 
itself, with individuals assigned to 
monitor development of the many pay- 
load subsystems. 

Bulk of the subsystem contracts, and 
the one with GE for the spacecraft, are 
on a cost-plus-fixed-fee basis. Program 
Evaluation Review Technique (PERT) 
is being used on the major Nimbus 
contracts, including those with General 
Electric, Radio Corp. of America and 
Radiation, Inc. 
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• SYSTEM CHECKOUT 

• SYSTEM ANALYSIS 

• TRANSIENT ANALYSIS 
> ON BOARD RECORDING 

• LABORATORY RECORDING 

• FLIGHT TEST RECORDING 

• MISSILE TEST MONITORING 

• PROCESS INSTRUMENTATION 



P. 0. BOX 7509 • TULSA 35, OKLAHOMA 


NEW 

DESIGN CONCEPTS IN 

BALL 

BEARINGS 



Only SBB patented construction offers so 
many advantages: 


• UP TO 62% GREATER LOAD 
CAPACITY 

• UP TO 400% GREATER LIFE 

• LOWER TORQUE 

• LESS DEFLECTION 

• ONE-PIECE RETAINER 

• SPACE SAVING 


We specialize in developing 

SPECIAL DESIGNS 

to meet unusual requirements 



SPLIT BALLBEARING 


LEBANON 7, NEW HAMPSHIRE 








MEET WTA 


SPACE 


TEAMMATE I INI DEPTH 


The space systems capabilities of Washington Technological 
Associates, Inc., are available to NASA ... in depth. 

They cover five broad areas of experience and competence: 
electrical/electronic engineering and development . . . engi- 
neering support service . . . prototype fabrication/production 
. . . technical publications and graphic display . . . and 
mechanical engineering and development. 

Today . . . WTA's engineering, equipment and services play 
an integral part in more than a dozen major space programs. 
Electronics engineering is a good example of WTA's variety 
and depth. 

A listing of WTA's electronic product capability-would include 
programmers, counters, electrometers, transmitters/receiv- 
ers. signal simulators and decommutators plus specialized 
printed circuit boards, welded modules and general purpose 


data processing equipment. 

WTA's success in meeting its varied aerospace responsibili- 
ties has meant steady growth. This, in turn, has meant a 
continual need for imaginative, highly-competent engineers. 
A career position on the WTA professional staff represents 
real opportunity within an engineer-oriented atmosphere. It 
also promises a diversity of assignment that reaches into 
every phase of creative engineering. 

We would like to hear from you. 

Send your resume, in confidence, to: Manager, Professional 
Employment, Dept. 27. 

Washington Technological Associates, Inc., 

979 Rollins Ave., Rockville, Md. (A suburb 
of Washington, D. C.). HAzlewood 7-7550. 

An equal opportunity employer. 



WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. 
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Circle Number 308 


Twin jet plane for business, liaison and executive use. 
2 pilots— 8 passengers. 

1,560 mile cruising range at 570 mph. 



Polar mount antenna at JPL Echo site. Older antenna (rear) is being moved to Venus site. 


Tracking & Data Acquisition 
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New g.t. Schjeidahi Co. Material 
makes possible Technical Breakthrough 
in Ballooning 

• 13,500 Gross Lift System Successfully Flown and 
Recovered. 

• New Balloon Material provides greater strength and 
reliability than ever before achieved. 

• New Launch Technique reduces shock and increases 
launch capability. 

• New Flight Control makes lofting and recovery of deli- 
cate payloads safer. 

Successful flight and recovery of a record-weight balloon system 
totaling 12,150 pounds: the balloon was designed and fabricated by 
G. T. Schjeidahi Co. and the flight was conducted by Schjeidahi people. 


Material — Designated S-10", the new material consists of Mylar with 
a Dacron scrim. The material has a tensile strength of 40 pounds per 
inch. New design has high tear resistance and virtually eliminates the 
danger of catastrophic failure. 


Launching — New launching techniques, together with a dual balloon 
system permits launching in winds up to 15 knots. These techniques 
also permit gentle launching to reduce danger of shock damage to a 




A 



Flight Control— SchjeldahFs experience in controlled flight of super 
pressure balloons makes possible controlled ascent to pre-determined 
altitude with descent at predetermined time. Descent is also con- 
trolled to land delicate payloads safely. 


CREATIVE PEOPLE NEEDED 

Creative engineers and technical people interested in a dynamic, 
young company committed to rapid growth and unlimited new prod- 

personnel. We need people experienced in plastic film, film handling 
equipment and special plastic-to-metal laminations. 


Pulling Materials Together Through Chemistry and Mechanical Design 



G.T. Schjeidahi Co. 



GODDARD COMPUTING CENTER, shown during MA-7 Mercury flight, performs launch, orbital and re-entry computations which are 
instantly transmitted to Cape Canaveral Mercury Control Center for display. Critical launch, orbital and re-entry parameters arc shown in 
illuminated display at left, while status of all network stations is shown at right. 


NASA Expands T racking, Data Acquisition 


Washington — Advanced manned 
spacecraft missions and the vastly in- 
creased amount of data that will come 
from scientific satellites such as the or- 
biting geophysical and astronomical ob- 
servatories are requiring National Aero- 
nautics and Space Administration to 
continue expanding its tracking net- 
works and data acquisition facilities. 

For Fiscal 1963, NASA has requested 
§224 million for operation and expan- 
sion of this umbilical cord which has 
enabled man to extend first his senses 
and more recently himself into the hos- 
tile space environment. Of this total, 
S74.6 million is intended for equipment 
and components, $67.8 million for net- 
work operation, §16.0 million for sys- 
tems development and §65.6 million for 
construction work. 

The space agency operates three 
tracking and data acquisition networks 
around the globe, from Alaska to South 
Africa and Australia, each designed to 
perform a different mission. But like 
an iceberg, only a fraction of the total 
is apparent. Generally unseen arc the 
extensive data processing, reduction, 
eomjjutation and communication facili- 
ties at the Goddard Space Flight Cen- 
ter and the Jet Propulsion Laboratory, 
which form an essential part of the over- 
all system. 

The three networks are: 

• Manned space flight network, some- 
times called the Mercury network, con- 


sisting of 16 stations, two of them ship- 
based, plus two down-range stations of 
the Atlantic Missile Range. Land sta- 
tions outside the U.S. are at Grand 
Canary Island, Nigeria, Zanzibar, Can- 
ton Island. Mexico and two in 
Australia. 

• Earth satellite networks, presently 


consisting of 1 3 Minitrack stations with 
three new facilities under construction 
or planned. Stations outside the U. S. 
include Ecuador, Peru, Chile, Australia, 
South Africa, Newfoundland and Eng- 
land. There also is a 12-station optical 
tracking network, with stations outside 
the U.S. located in Argentina. Aus- 


Tracking and Data Acquisition Facilities 

S-Band C-Bond Telemetry 
Radar Radar & Capsule 
Tracking Tracking Communi- Command 
(Verlort) FPS-16 cations Control 

Woomera, Australia — X X — 

Canton Island — — X — 

Kauai Island, Hawaii X X X X 

Point Arquello, Calif X X X X 

Guaymas, Mexico X — X X 

White Sonds, N. Mex - — X — — 

Corpus Christi, Tex X — X — 

Eglin, Florida X X — — 

Cape Canaveral, Fla X X X X 

Grand Bahama Island — — X - — 

Grand Turk Island — — X 

Bermuda X X X X 

Grand Canary Island X — X — 

Kano, Nigeria — — X 

Zanzibar — — X — 

Indian Ocean Ship — — X — 

Muchea, Australia X — X X 

Atlantic Ocean Ship — — X — 


AVIATION WEEK 


SPACE TECHNOLOGY, July 2, 1962 








3a- 


JOIN THE FLEET I 

The carrier-based Crusader travels in the Mach 2 speed range ... is 
all-weather, packs a variety of offensive punches and has a radar eye 
for alertness to conditions and target. 

Chance Vought's requirements for "essential-to-flight" circuits 
included maximum density and reliability. They found what they 
needed in AMP Crimp-type TAYP-AIR pins and blocks. The design of 
AMP TAYP-AIR pins makes possible a high concentration of circuits 
in less space . . . heavy, bulky, standard terminal boards are replaced 
by lightweight, compact AMP TAYP-AIR nylon blocks. The tapered 
shape of the new terminal provides excellent electrical and mechanical 
characteristics and when subjected to vibration, retention values are 
actually increased. Insertion and extraction of the AMP TAYP-AIR pin 
is accomplished with easy to handle tools which simplify not only instal- 
lation but also repairs and circuit changes. Other features include: 

• Plating: gold over nickel on leaded bronze base material. 

• Wire Size: pins available in three sizes to ( 

16-24 AWG. 


• Blocks: choice of three sizes: 48 single circuits in feed through 
block, 12-3 common circuits with potted back and 12-4 common cir- 
cuits with potted back. 

• Color Coding: insulation sleeves color coded to conform with 
matched AMP crimping tool. 


AM 


P 


AMP TAYP-AIR PINS may very well fit in with your designs on saving 
space and weight. A sure way to get your problem off the ground is to 
write for further information today. The complete story on AMP 
TAYP-AIR Pins and Block Assemblies will be sent on request. 


IINUUKKUKATED 

Harrisburg, Pennsylvania 
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tralia, India, Iran, Japan, Peru, South 
Africa and Spain. 

• Deep Space Instrumentation Facility 
for lunar and interplanetary spacecraft 
missions, consisting of stations at Gold- 
stone, Calif., South Africa and Australia 
(see p. 175). The stations are sited 
approximately 120 deg. apart in longi- 
tude to enable at least one to view a 
space probe at all times despite the 
rotation of the earth. 

With a list of station sites that 
sounds almost like a roll-call of the 
United Nations, NASA officials re- 
sponsible for the selection of station 
locations and their subsequent opera- 
tion must keep eye on the international 
situation and internal political situa- 
tions in countries where stations are 
located. This requires close liaison with 
the State Department. NASA seeks to 
prevent a decision to expand or change 
the role of a particular station, based 
entirely on technical factors, from be- 
coming an internal political issue, ac- 
cording to Edmond C. Buckley, direc- 
tor of the Office of Tracking and Data 
Acquisition at NASA headquarters. 

NASA’s policy is to employ nationals 
to operate and maintain stations outside 
the U.S. to the maximum extent possi- 
ble consistent with the availability of 
required skills. Stations in Australia, 
Canada. England and South Africa are 
managed by nationals. 

In most instances, the land for the 
station is provided by the host govern- 
ment at no cost to NASA. The land 
for the NASA station at Guaymas, 
Mexico, was donated by a small fanner 
with a keen interest in space explora- 
tion. For nearly half of the foreign sta- 
tions, the local government provides 
some financial support for statiou 
operation, Buckley said. 

Responsibility for the three net- 
works is divided as follows: 

• Manned space flight— Goddard Space 
Flight Center's directorate for tracking 
and data systems, headed by John T. 
Mcngel, is responsible for design and 
operation as a support service to 
NASA's Manned Space Flight Center 
at Houston, Tex. 

• Earth satellite— Mongol's group has 
similar responsibilities for this net- 
work in support of Goddard's own 
scientific, communication and meteoro- 
logical satellite programs. Personnel of 
the tracking and data systems directo- 
rate number approximately 550, repre- 
senting about 25% of the total at God- 
dard. Approximately 40% of the group 
arc professionals. 

• Deep space— Responsibility for de- 
sign and operation of the deep space 
probe network is assigned to Jet Pro- 
pulsion Laboratory in support of its 
own unmanned lunar and planetary 
spacecraft programs (see p. 175). 

Although the three usually are re- 



NEMS-CLARKE’ enters 
the winners’ circle again! 


Mercury Tracking Stations throughout the world are being refitted with the 
latest Ncms-Clarke telemetry reception equipment in preparation for Gemini 
and Apollo tests. The gear being replaced was the best available when installed. 
It too is Nems-Clarkc equipment. The state-of-the-art of telemetry reception 
has increased steadily to meet previously unheard-of reception requirements. 
Nems-Clarke products continue to set the standards. 

The most advanced and versatile receiver yet designed is the new model 
I455A. Plug-in lF/Dcmodulator Modules give bandwidth capabilities for PCM 
Telemetry from 10 KC to 1.5 MC. 
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Here are some of the design features which have resulted in 
Reeves pedestals being selected for a number of current 
satellite and missile programs 


• Gearless, direct drive dc torque motors on all axes 

• Azimuth load bearing rated at 250,000 pounds 

• Can accommodate reflectors to 30 foot diameter in radomes 

• Tracking rates: 

From zero to 10 rpm in azimuth 

From zero to V2 radian/second in elevation 

• 36-speed pancake synchros provide analog readout 
(5 second accuracy) 

» 17-bit encoders provide digital readout 

• Complete Servo instrumentation 



For your free copy of our new Catalog, describing the complete line of 
Reeves Pedestals, write for data file 707. 


REEVES INSTRUMENT CORPORATION 

A Subsidiary of Dynamic, Corporation of America 
Roosevelt Field, Garden City, New York 
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(erred to as separate networks, at some 
stations which service more than one 
network— for example, Woomera, Aus- 
tralia-common communication facili- 
ties are used. As earth satellite missions 
move out in distance and the lunar 
program develops, the lines of demar- 
cation between the three networks will 
become less distinct. 

Manned Space Flight Network 

Proof that the decision to construct 
the manned space flight network from 
existing, proven equipment, partic- 
ularly the radars used for tracking, was 
sound came with the extremely success- 
ful network performance during both 
the Glenn and Carpenter manned Mer- 
cury flights according to Buckles'. 
Mengel said there has not been a single 
“hold" during a Mercury count-down 
due to failure in the tracking-data net- 
work, although fluctuating power from 
a diesel generator at Bermuda during 
the MA-o countdown did cause a brief 
hold. 

When plans were prepared for the 
Mercury network several years ago, 
there was pressure on NASA to use 
newer. higher-performance radars. 
But the agency took the position that 
a potentially high-risk experiment 
should not take on the added risk of 
using newly-developed hardware, Buck- 

The 16-station network has at least 
one radar installed at 11 of the sites 
for tracking the capsule and instantly 
sending back data on its position to the 
Goddard computer center for calcula- 
tion of orbital parameters and capsule 
impact point during re-entry. 

Two radars, a precision AN/FPS-16 
operating at C-band, and an S-band 
radar, are installed at key stations where 
orbit injection and reentry normally 
occur. These are Cape Canaveral, 
Bermuda, Hawaii, Pt. Arguello, Calif., 
and Eglin AFB. Fla. The stations at 
Woomera and at White Sands, N. M., 
have a single FPS-16, while stations at 
Grand Canary Island; Muchea, Aus- 
tralia; Guaymas, Mexico and Corpus 
Christi, Tex., have the S-band radar. 
This provides overlapping radar cover- 
age in key areas to assure necessary 
coverage in the event of a failure at 
one or two stations. 

A number of stations in the Mer- 
cury network are military facilities, 
operated by private firms under con- 
tract to the Defense Department. 

All stations except those at White 
Sands and Eglin are equipped to re- 
ceive telemetry data from the capsule 
and to conduct voice communications 
by UHF when the capsule is in linc- 
of-sight range. The readings of ap- 
proximately 100 sensors, measuring 
both the state of the astronaut’s well- 
being and the capsule equipment 
status, are telemetered down and in- 
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Symbol Printer X-Y Recorder 
featuring a light weight, high 
speed alpha-numeric symbol 
printer: 

Operates equally well on 
30 x 30 inch vertical or verti- 
cal-horizontal models; 

Detachable pen assembly 
available for pen plotting 
capability; 


CHARACTER 

SYMBOL PRINTER 

CHARACTERS A through Z. 

0 through 9. 

Special symbols of 
any type. 


PRINTING SPEED Up to 600 prints 
per minute. 

SYMBOL CHANGE Less than 


Of TER! MAXIMUM FLEXIBILITY ( 


directly from 
Computer . . . punched 
cards . . . punched paper 
and magnetic tape. 



Compact design ... no um- 
bilical cord . . . automatic 
ribbon takeup reel . . . unob- 
structed plotting surface. 

Many new models and many 
new concepts are built into 
the Series 4000. Our complete 
brochure is yours on request. 
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INTEGRATED 

CAPABILITIES 



FOR SPACE-AGE 
CRYOGENICS 


Integrated capabilities underscore Air Products 
vital role in space-age cryogenics. 

Today, these capabilities are being put to work in 
all areas of cryogenics. From large-scale plants that 
produce liquid propellants ... to miniaturized, 
closed-cycle infrared and maser coolers. From pro- 
pellant loading systems for missiles and rockets 
... to advanced cryogenic "hardware" for storing 
and handling cryogenic liquids during space flight. 

And integrated capabilities from a single one- 
Company source mean that Air Products can move 
from conceptual stage to economically feasible 
components and systems in record time. 

Sound reasons why, when the challenge is cryo- 
genics, Air Products is first. 



afuY Ciemica& 


DEFENSE AND SPACE DIVISION 






CONSTRUCTION 
AND OPERATIONS 

Experienced teams of 
engineers build cryogenii 
facilities of any size or 
capacity. Feedback of 
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stantly relayed to the Mercury Control 
Center at Cape Canaveral. Approxi- 
mately 30 of these are displayed on 
meters or charts instantaneously. The 
remainder are recorded for later analy- 

Six stations are outfitted with com- 
mand and control equipment, to en- 
able them to initiate re-entry or other 
capsule functions if necessary. Five are 
clustered around the injection, re-entrv 
or retro-fire areas— Cape Canaveral, 
Bermuda, Hawaii, Pt. Arguello and 
Guaymas— and the sixth is located at 
Muchea. 

Hotline Network 

These stations are linked into a hot- 
line network by 141,000 circuit miles 
of telephone, teletypewriter and high- 
speed data circuits, using land lines, 
submarine cables, microwave links and 
point-to-point radio. 

Capsule position information is 
automatically converted at each site 
into a form suitable for transmission by 
teletypewriter circuits and routed in- 
stantly to Goddard. Output from the 
Goddard computers is transmitted in- 
stantly to the Mercury Control Center 
at Cape Canaveral via high-speed data 
circuits, operating at a 1,000-bits-per- 
second rate. 

Eleven of the 16 stations in the 
Mercury network, plus the two Atlantic 
Missile Range down-range stations, are 
now interconnected by voice circuits. 
The remaining five stations, presently 
linked only by teletype, will soon be 
connected to the voice network. 

The communications network, built 
by an industrial team headed by 
Western Electric and including Beil 
Telephone Laboratories, Bendix Corp., 
Burns & Roe and International Busi- 
ness Machines Corp., was designed to 
assure the reliable communications so 
vital to manned orbital missions. 

For example, two separate circuits 
are provided between the computation 
facility at Goddard and the control 
center at the Cape, either of which can 
provide required service. If both should 
fail, a similar pair of circuits using a 
different geographic routing are pro- 
vided. Duplicate communication chan- 
nels are provided to all key stations, 
with alternate routes available on a 
standby basis. 

Computing Center 

Four large digital computers, two 
IBM 7090s at Goddard, one IBM 709 
at Bermuda and an Atlantic Missile 
Range 7090 at the Cape form a network 
during an orbital mission. 

The Goddard computing center 
functions throughout the mission to 
provide the Mercury Control Center at 
the Cape with a running display of im- 
portant launch, orbital and re-entry in- 
formation. It is located at Goddard 


because that is the center of the NASA 
world-wide communications network 
into which tracking data flows, but it is 
linked to the Cape by the previously 
mentioned high-speed data circuits. 
USAF 7090 

The Air Force 7090 located at the 
Cape is used by the range safety officer 
during initial portion of the launch to 
predict the booster's impact point in 
case the booster should deviate from 
flight plan. It is therefore referred to 
as the IP-7090. At lift-off, data on 
booster position is obtained initially 
from the AN/FPS-16 radar at the Cape 


which feeds into the IP-7090. The 
IP-7090 output also is transmitted in- 
stantly to Goddard for use in initial 
launch computations for display at the 
Mercury center. 

When the booster reaches an alti- 
tude sufficient that it can be tracked 
by AMR's Azusa Mark 2 system, the 
IP-7090 changes over to receive its data 
on booster position and velocity from 
the Azusa system, which usually is more 
accurate than data from the FPS-16. 

Approximately 20 to 60 sec. after 
lift-off, the General Electric/Burroughs 

G uidance system takes control of the 
ooster, providing position and veloc- 
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FROM THIS PROVEN TEAM: left to right Ken Silveira, Cy Mc- 
Clellan, John Carter (Pres), John Watson, Fred Spieler <6 John Burk 

• 3-AXIS FLIGHT SIMULATOR . . . with highest 
performance, large loads & low cost; for 
evaluation of guidance equipment 

• AUTOMATIC RADAR AND RADOME 
BORESIGHT-ERROR SYSTEMS . . . with high 
performance and reliability. Significant errors 
eliminated 

write or call for technical data 
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Accuracy and Power 
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• MODULATORS 

■ HIGH ALTITUDE SAMPLING 
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ity data similar to that available from 
the IP-7090. This also is transmitted 
instantly to Goddard. 

When both IP-7090 and GE/Bur- 
roughs data are available simultane- 
ously, a data quality monitor at the 
Mercury center determines which is 
better and by remote control selects 
the data source which Goddard com- 
puters will use. 

As the booster heads down range, it 
comes within view of the Bermuda 
radars. When the Mercury network was 
first installed, the only link with Ber- 
muda was by radio, which did not per- 
mit transmission of radar data at high 
speeds and ran the risk of propagation 
interference. Because the Bermuda 
data is obtained during the critical in- 
jection or abort decision period. NASA 
decided to install an IBM 709 at Ber- 
muda to make independent calculations 
on the spot. 

Recently a submarine cable has gone 
into sendee between the U.S. and Ber- 
muda, permitting transmission of radar 
data directlv to Goddard. While the 
709 remains in use, NASA is now con- 
sidering shifting this function out of 
the Bermuda station. 

Normally the data from the Ber- 
muda radars will be more accurate than 
that from the Cape because of their 
closer proximity to the booster at this 
period in flight. But the choice of data 
source used by the Goddard computers 
is made by Mercury' Control Center. 

Once the control center determines 
that the capsule has been injected suc- 
cessfully, it switches the Goddard com- 
puters to their orbital computation 

Both Goddard computers run through 
identical orbital computations, using 
the same data, and compare answers as 
a check procedure. But only one ma- 
chine is on line, feeding its output to 
the Cape for display and to the God- 
dard center display. 

Power Sources 

One computer operates from com- 
mercial electric power, while the other 
operates from a diesel-powered genera- 
tor located at Goddard. This assures 
that loss of normal power will not dis- 
rupt the operations. 

During the entire mission, the God- 
dard computers continuously calculate 
and display there and at the Cape the 
estimated impact point for the capsule 
if it should suddenly become necessary 
to initiate re-entry. (There is a 30-sec. 
built-in time delay between the instant 
an astronaut or ground station initiates 
re-entry action and the time the retro- 
rockets fire). 

The computers also continuously 
estimate the time at which the retro- 
rockets will need to be fired to bring 
the capsule into the intended recovery 
area after completion of the present 


318 


AVIATION WEEK 


SPACE TECHNOLOGY, July 2, 1962 


orbit, and after the final planned orbit. 
They also continuously calculate retro- 
rocket firing times to bring the capsule 
in at one of five contingency recovery 
areas if an emergency develops. Only 
the firing time to the next possible con- 
tingency recovery area is displayed, liow- 

When the Mercury center receives a 
signal that retro-rockets have fired, the 
Cape instantly advises Goddard of the 
time and the number of rockets that 
fired. Goddard operators insert this 
information manually into the 7090s 
and the machines then compute the es- 
timated impact point. 

A number of factors can cause the 
actual impact point to deviate from the 
first estimate, however, as the recent 
MA-7 orbital mission dramatically 
illustrated. 

This is why the first radar report on 
capsule position after retro-rocket firing 
is so eagerly awaited, since it gives the 
first data on the actual re-entry flight 
path and pennits a more realistic impact 
point calculation. 

During the MA-7 flight, the first 
radar data received after retro-rocket 
firing came from Pt. Arguello. Based 
on this, the Goddard computers came 
up with a new impact point which 
differed from the early estimate by 
about 240 mi. 

Initial reaction at both the Cape and 
at Goddard was that “the computer 
must have slipped a cog,” according to 
one Goddard spokesman, because the 
mission had previously proceeded ac- 
cording to plan except for capsule fuel 
consumption. During the entire flight 
the computer-calculated time for retro- 
rocket firing had not changed by more 
than two seconds. 

Goddard re-ran the calculation based 
on Pt. Arguello’s radar data and came 
up with the same answer— a 240-mi. 
overshoot. This later was confirmed by 
radar data received as the capsule came 
within range of the Corpus Christi, 
Eglin and Cape Canaveral stations. 

Astronaut Carpenter was picked up 
within 10 mi. of the impact point pre- 
dicted from the Pt. Arguello radar re- 
turns as nearly as can be determined 
from the position report made by the 
aircraft which first sighted the capsule, 
according to a Goddard spokesman. 
Reliability No Accident 

The excellent reliability of the 
Mercury network to date is the result 
of a long and rigorous program which 
includes extensive exercising and pre- 
flight testing before each mission. 

The network is operated, checked- 
out, maintained and continuously im- 
proved by the Manned Space Plight 
Support Division, one of five divisions 
reporting to John Mcngel. Division 
chief is N. R. Heller. 

The two 7090 computers and other 



Spectacular as it is, a Titan take- 
off from Canaveral is only one 
end of the story. Moments after 
the shoot, nine thousand miles 
downrange, an airborne monitor- 
ing team is alerted to record the 
other end of the story as the re- 
entry vehicle plunges into the 
atmosphere at 15,000 mph. 

Aboard the re-entry monitoring 
aircraft, a battery of photographic, 
photoelectric, and radiometric de- 
vices captures the dramatic end 
of the flight. A P.l. instrumenta- 
tion tape recorder, operated by 
an Avco Everett Research Labora- 
tory monitoring team, is used to 
preserve on magnetic tape a pre- 
cise record of important radio- 
metric and time-sequence infor- 
mation... data which is essential 
in the development of advanced 
re-entry vehicles and in the 
country's anti-missile program. 

One reason a P.l. recorder was 
selected for this program is that 
it provides full-size instrumenta- 
tion performance in a fraction of 
the space. You'll be interested, if 
you record any type of scientific 
data, in other characteristics of 
P.l. recorders. For details, write 
for our current brochure. 
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These semi-flexible, air dielectric coaxial ca- 
bles have demonstrated their superiority as 
electronic transmission links in a number of 
advanced communications projects in space 
research, national defense and industry. 


□ No radiation □ Low attenuation □ Excellent frequency response 

□ Uniform electrical properties over wide temperature variations 

□ Unlimited operating life □ Continuous 1000-foot lengths 
Complete cable systems including attachments and connectors are 
available. These cables are fabricated by Phelps Dodge Copper 
Products Corporation at Yonkers, N. Y. 


PHELPS DODGE ELECTRONIC PRODUCTS 
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computers at Goddard used for related 
tasks normally are under the cognizance 
of the Data Systems Division, also 
under Mengel. Dr. Joseph W. Siry is 
acting director of the division. 

Shortly before an orbital mission, the 
operational responsibility for the God- 
dard computer center shifts to the Man- 
ned Space Flight Support Division to 
centralize all of Goddard's responsibility 
for the network’s operation. 

At that time, the Goddard center 
comes under James J. Doncgan. known 
as the Goddard operations director, who 
works for the Manned Space Flight 
Support Division. 

Approximately 10 days before a 
scheduled orbital mission, the launch 
monitoring subsystem, involving facili- 
ties at Bermuda, AMR and Goddard, 
begins an extensive test simulation, 
using pre-recorded tapes, according to 
E. P. Odenwalder, Jr., executive engi- 
neer of the division. 

Roughly a week before the scheduled 
launch date, flight controllers from the 
Manned Spacecraft Center arrive at 
each station in the network, which is 
then placed under the Mercury' Con- 
trol Center's cognizance. 

Flight controllers bring pre-recorded 
tapes which will simulate a complete 
orbital mission for each station. In an 
effort to achieve realistic simulation, 
the tape program includes faults and 
troubles, such as a telemetry signal from 
the capsule which indicates it is running 
out of fuel, or an equipment failure at 
one or more stations. 

All positions are manned as they 
would be for a regular flight and the 
entire network runs through the mis- 
sion, complete with exchange of voice 
and teletype messages. Station mainte- 
nance personnel also run both detailed 
and brief systems tests on all equip- 


Pre-Launch Preparation 

Approximately nine hours before a 
scheduled lift-off, usually at around 10 
p.m. the night before a launch, God- 
dard begins its countdown. First a 
group of IBM specialists comes in to 
carrv out a preventive maintenance pro- 
gram on the two 7090s. They are fol- 
lowed shortly after midnight by a second 
group of IBM specialists who check the 
data flow throughout the network. 

Radars at each station are bore- 
sigbted against targets of known posi- 
tion and range to check performance 
and accuracy. Each radar then is posi- 
tioned at a prescribed azimuth and ele- 
vation angle, to provide an input to the 
Goddard computers to simulate track- 
ing the capsule in orbit. This assures 
that data from all radars are being proc- 
essed at the site and transmitted to 
Goddard. High-speed data links to Ber- 
muda and to the Cape also are tested. 

Approximately four hours before lift- 



140 Channels of 2 kc data on 
100 kc magnetic tape recorder! 

-One example of UNIDAP Data System capability! 


UNIDAP— a new concept . . . complete systems-engineered modular 
capability for acquisition, storage and playback of multichannel 
static and dynamic research data! Completely transistorized! Oper- 
ator can modify system characteristics to adapt to the recorded 
data. Entire system automatically compensated to eliminate effects 
of wow and flutter. Modules can be interconnected at will using pro- 
gram boards. System can be expanded to meet future requirements 
and adapt to improved recorder capabilities. 

Three systems are available immediately; others will follow: 

mark i All standard IRIG channels are available. Also, center 

frequencies to 1 me with deviations to 40%. 
mark 5M. . . Simultaneous continuous FM magnetic recording of 1 to 
10 channels of 500 cps intelligence data plus reference fre- 
quency on single tape track of 50 kc bandwidth recording 
capability. 

mark 2000 .. Similar to Mark 500. Records 1 to 10 channels of 2000 cps 
on 200 kc bandwidth track. 

• All above are nominal 1% accuracy systems, subject to terminal 
equipment employed. • Full range of accessory calibration and test 
equipment available. 

If you’re concerned with magnetically recorded data for any pur- 
pose, you'll want to know more about UNIDAP's unique capabilities. 
For more information, address: Dept. AW-1-7. 


DATA-CONTROL SYSTEMS, INC. 
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Collins communicalions careers point 

Every American voice from space — from the X-15 and Mercury — has been 
nications. Now, with the accent on reliability, Collins is readying extensive 
most ambitious U.S. space effort, NASA's Apollo manned lunar spacecraft, 
leadership in space communications, Collins requires specialists in HF, 
tal communications, spacecraft antennas, TV, radar, modulation tech- 
information theory, and ground systems. If interested in this challenge, 

Rapids, Iowa; Mr. C. P. Nelson, Dallas, Texas; Mr. E. Montano, 


carried by Collins commu- 
systems for the next and 
□ To further extend this 
VHF, UHF equipment, digi- 
niques, tracking and ranging, 
write Mr. L. R. Nuss, Cedar 
Newport Beach, California. 
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off. Goddard conducts a computer and 
data flow integrated subsystem test. 
The Goddard computer, using a speci- 
ally prepared program, transmits a "cue” 
to" each station, which should evoke 
a prompt response with the appropriate 
reply. If the station gives the wrong 
reply, no reply, or takes too long in 
responding, something is wrong. 

These computing center tests, under 
preflight director Walter Adams, norm- 
ally will be completed by approxim- 
ately 21 hr. before scheduled lift-off, 
at which time Calvin Packard, the 
flight director, takes over. Both men re- 
port to Donegan. 

Trojectory Confidence Run 

The next test is the trajectory con- 
fidence run, in which the Bermuda 
radars, the FPS-16 and Azusa system 
at the Cape and the GE/Burroughs 
guidance system simulate a launch se- 
quence, with their data being used by 
Goddard to compute the trajectory!. 
On days when no mission is sched- 
uled, a similar test can be run using 
pre-recorded tapes. Mercury flight con- 
trollers participate in the simulated lift- 
off, which takes about 30 min. and 
checks out the entire complex. 

Approximately an hour before lift-off, 
the trajectory confidence run is repeated, 
except that tapes of radar data made 
during the first run are used. 

At about 20 min. before lift-off, God- 
dard begins to exercise one 7090, using 
a cycling program in which the com- 
puter activates displays at the Gape 
which can be checked by the control 
center there. Approximately five min- 
utes later, the second 7090 begins its 
cycling tests. These continue until 
launch time. 

When the actual launch has taken 
place and the capsule is in orbit, God- 
dard automatically sends a teletype 
message to each station advising the ex- 
pected capsule azimuth, elevation and 
range during its next pass over that sta- 
tion so that tracking and telemetry an- 
tennas can be properly oriented in ad- 
vance. Each message goes four dif- 
ferent “look angles” (azimuth, eleva- 
tion, range and time for these coordi- 
nates) in case the station fails to acquire 
the capsule when it first comes within 
range. The first message is sent 45 
min. before the capsule is due to pass 
over and is updated 25 and again 5 
min. before the pass. 

When the mission is finally com- 
pleted, the Goddard center does not 
shut down and take the afternoon off. 
It immediately launches a post-mortem 
analysis of network performance and 
processes orbital data for transmission 
to the Mercury control center. 

The network is continuously under- 
going improvement. For example, the 
Atlantic ship-board station recently has 
been outfitted to give it a command 



High recorder "Q” means more 
information on the chart! 
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Memorex scientific approach to magnetic tape making benefits users 


T oo frequently, the best avail- 
able magnetic tapes have not 
been good enough for many 
tape users. The reason: lack of 
consistent quality and reliability 
— the result of tape-making prac- 
ticed as an uncertain art. 
Memorex approaches tape-mak- 
ing as a science. Manufacturing 
processes and techniques uncom- 
mon in the industry have elimi- 
nated the uncertainties in tape- 
making and their consequent dis- 
tressing effects. The result: Mem- 
orex magnetic tapes not merely 
incrementally better than prod- 
ucts available to date, but mate- 
rially better in important param- 
eters. 

In early 1961, Memorex Corpora- 
tion undertook to turn the art of 
tape-making into a science. It put 
together a team of highly qualified 
people affording a diversity of tal- 
ent and breadth of experience 
unique in the industry. Signifi- 
cantly, the group possesses unus- 
ual depth in chemistry, process 
engineering and automation, as 
well as in magnetic recording 
technology and data processing. 



Within the white walls of the 
plant, which bespeak Memorex 
emphasis on cleanliness, are the 
most advanced tape manufactur- 
ing facilities in the United States. 
A conspicuous feature of the plant 
is its control and elimination of 
dust and other possible contami- 
nants of production. Extreme 
emphasis upon freedom from air- 
borne dust particles provides for 
Memorex tape users a like free- 
dom from incipient drop-outs 
which could otherwise result from 
encaptured dust. Memorex uses 
dust filtration equipment similar 
to that employed in atomic energy 
facilities to prevent the escape of 
radioactive particles. The photo 
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below shows a portion of the com- 
plex system of air filtration, hu- 
midification, de-humidification, 
heating, and cooling which pro- 
vide the special environment for 
Memorex tape manufacture. 


Memorex Research 

A cute awareness of tape users’ 
. problems is one key to product 
development at Memorex; deeper 
understanding of the many pa- 
rameters of tape is another. 
Knowledge of tape users’ prob- 
lems — tape wear, oxide shed, 
head contamination, head wear, 
and obtaining better short wave- 
length performance and pulse re- 
sponse — derives from earlier 
experience of many Memorex 
researchers. Working with equip- 
ment manufacturers and sophisti- 
cated tape users, they obtained 
insights useful in developing 
meaningful solutions to many 
tape problems. 

The aim of much Memorex re- 
search is to develop vital funda- 
mental knowledge, lack of which 
continues to limit product im- 
provement in the magnetic tape 
industry. The research staff has 
extensively investigated the prob- 
lem of tape wear and the exact 
way in which wear influences tape 
reliability. Basic causes of differ- 
ent types of drop-outs have also 
been determined. Factors affect- 
ing the response at very short 
wavelengths and high packing 
densities are under study. Other 
study areas include the signifi- 
cance of the condition of tape 
edges and the electrostatic behav- 
ior of tape. 


To establish a true technological 
basis for magnetic tape develop- 
ment and improvement, it is also 
essential to obtain critical mea- 
surements of the electrical, chemi- 
cal, and physical properties of 
tape. Memorex, therefore, has set 
up one of the most thorough and 
accurate testing facilities in the 
world for tape analysis. It encom- 
passes a number of new tests and 
techniques, which go well beyond 
the specifications of the most crit- 
ical commercial and military 
users, and it utilizes advanced 
Memorex- developed test instru- 
ments, which achieve a degree of 
sensitivity and precision other- 
wise unobtainable. 



An unusual degree of accuracy in 
measurements on magnetic mate- 
rials is made possible with the use 
of a vibrating sample magnetom- 
eter, designed by Memorex re- 
search engineers. Below, as a part 
of a durability test which Memo- 
rex makes on every production 
run, a performance check on a dig- 
ital tape handler provides the per- 
manent photographic record of a 
computer tape’s pulse output. 



Memorex Manufacturing 

T he strength of Memorex manu- 
facturing people derives from 
their extensive experience in proc- 
ess engineering and chemical and 
pharmaceutical production. This 
background has enabled them to 
obtain for Memorex the consist- 
ency and reliability of quality pro- 
duction which is its objective. 
Throughout the manufacture of 
Memorex tape are employed the 
principles and techniques of auto- 
mation, production-line monitor- 
ing, and process control. As a con- 
sequence, you will find extreme 
consistency in the quality of 
Memorex tape, both within-a-reel 
and reel-to-reel. Also borrowed 
from the pharmaceutical industry 
are the standards of cleanliness 
and the techniques of sterile-room 
manufacturing which help insure 
consistency and freedom from 
drop-outs. 

The Memorex manufacturing 
process incorporates many inno- 
vations, in the areas of formula- 
tion dispersing, treatment of 
backing material, coating, drying 
and curing, slitting, and even in 
packaging. Traditional processing 
methods were held suspect, not 
because of any desire to be differ- 
ent, but because innovation was 
considered essential to overcome 
quality limitations inherent in 
commonly used methods. 



/ 


Access to clean room areas is 
through change rooms where 
street dress, jewelry, and cosmet- 
ics are removed. Lint-free cloth- 
ing, caps, and boots are donned 
from another locker across the 


barrier-bench. Below, an ultra- 
sonic cleaning system, designed 
by Memorex engineers, removes 
foreign matter from film base ma- 
terial prior to coating. 



Memorex Quality Assurance 

M emorex standards of quality, 
which exceed the specifica- 
tions of commercial and military 
users, are established by its Qual- 
ity Assurance Laboratory, an in- 
dependently constituted function 
which cannot be subjected to 
delivery schedules and other pres- 
sures of a manufacturing opera- 
tion. The Lab also has the re- 
sponsibility for continuous audit 
and enforcement of its standards 
in the drop-out checking and 
other quality control activities of 
manufacturing. At least one tape 
slit from each production run is 
comprehensively tested. 

It is not necessary for Memorex 
customers to engage in extensive 
and costly testing of Memorex 
products, because of this high or- 
der of quality control and this 
quality assurance philosophy. We 
conceive it to be our responsibility 
to know and to certify the quality 
of Memorex products without res- 
ervation. Our warranties reflect 
our integrity in practicing what 
we preach. 



Slitting of rolls of the coated web 
into narrow tape widths is one of 


the several operations carried out 
in a completely controlled envir- 
onment. Below, infra-red spectro- 
photometer and gas chromato- 
graph analyses are used to moni- 
tor the resin binder systems used 
in coatings. 



Type 22 Computer Tape and 
Type 33 Instrumentation Tape 

M emorex manufactures only 
precision magnetic tapes for 
computers, data acquisition and 
analysis systems, telemetry and 
instrumentation recording sys- 
tems, and exacting audio fre- 
quency applications. Memorex 
precision tapes are now available 
in widths, lengths, and reel sizes 
for all commercial tape drives. 
Type 22 Computer Tape sets new 
standards of wear and durability. 
Users will find Type 22 gives per- 
formance comparable to premium 
tapes at substantial savings. 

Type 33 Instrumentation Tape of- 
fers performance and cost advan- 
tages to analog recording users. 
Write for comprehensive specifi- 
cation sheets. Upon request, we 
shall also send you literature de- 
scribing Memorex research and 
manufacturing capabilities. 



MEMOREX 

CORPORATION 
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and control capability that will be 
needed for six- to eight-orbit mis- 
sions. The ship probably will be sta- 
tioned near Guam for such missions. 

The two ship-board stations plus 
those at Nigeria. Zanzibar and Canton 
Island, which formerly had only tele- 
type communications with the rest of 
the network, are being outfitted for 
voice communications. 

Telemetry data from the capsule dur- 
ing the critical injection phase, now 
received and displayed in the Bermuda 
station and relayed by voice to the 
Cape, soon will be relayed automatically 
and displayed at the Cape. 


For the one-day (18-orbit) Mercury 
flights, where more information is 
needed on the ground to monitor the 
status of the astronaut and the capsule, 
wideband telemetry equipment will be 
installed at all stations. 

The original Mercury network was 
laid out to assure that voice/telemetry 
contact with the capsule could be main- 
tained for approximately 5 min. out 
of every 15 min. in orbit. During the 
18-orbit missions, there will be some 
orbits in which contact with the cap- 
sule is available only once during an 
orbit. But by that time NASA expects 
its knowledge of capsule and astronaut 



performance to be sufficient to tolerate 
this. 

By stationing the modified ship near 
Guam and moving the Indian Ocean 
ship-board station west to near Mada- 
gascar. NASA expects to modify present 
coverage to enable it to handle the one- 
dav missions. For Gemini capsules out- 
fitted for land recovery, additional pre- 
cision radar near the recovers' area may 
be needed, depending upon the site se- 
lected. 

But the relatively low-altitude cover- 
age of network radars will not be suit- 
able for Apollo lunar missions. For 
circumlunar and lunar landing missions, 
elements of the present deep space 
probe network probably will be used 


Earth Satellite Network 

The earth satellite network is an out- 
growth of the original 11-station Mini- 
track network and the associated opti- 
cal tracking network designed and 
built for Vanguard satellites as a part 
of the International Geophvsical Year 
program in 1957-58. At that time orbit 
altitudes were expected to be low, pay- 
load sensors and output data were mod- 
est and economy was an overriding con- 
sideration. 

NASA now is expanding the net- 
work’s capabilities, already improved 
from its original configuration, to han- 
dle extremely high data rates from 
sophisticated scientific satellites. God- 
dard has developed an improved ac- 
curacy tracking system, called range- 
and-range-rate system, which is sched- 
uled for initial field tests next year. 

Operation and maintenance of the 
earth satellite tracking network is the 
responsibility of the Operations and 
Support Division, headed by F. J. 
Fnel, Jr. 

Minitrack is an interferometer type 
of system which determines satellite 
position in a north-south direction by 
comparing the phase or signals received 
from a satellite transmitter at each of 
two fixed antenna arrays oriented in a 
north-south direction. A similar phase 
comparison made by two east-west 
oriented antennas establishes satellite 
position in that plane. By using two 
or more pairs of antennas, each at dif- 
ferent baseline distances from the 
center of the site, increased accuracy 
without ambiguity can be obtained. 

The 11 original Minitrack stations 
operated at 108 me., a frequency as- 
signed for the IGY Vanguard program. 
Antenna configurations were laved out 
with highest accuracy for satellites in 
low-inclination orbits, the only ones 
then planned. 

Since then, two stations have been 
added and several stations in Latin 
America have been moved to provide 
sites in England, Alaska, Newfoundland 
and Minnesota for improved coverage 
of high-inclination orbits, according to 
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Harold Hoff, assistant director of the 
Operations and Support Division, 

The tracking frequency has been 
shifted to a permanent assignment of 
136 me. and new receivers nave been 
designed which can be tuned to any 
frequency in the 136-137 me. band, 
instead of being fixed at 108 me. as 
before. 

When 1 36 me. arrays were installed, 
an additional pair of fine-resolution an- 
tennas were included with switching 
provisions which enable them to be 
used for either polar or low-inclination 
orbit tracking. 

Separate Antennas 

The Minitrack stations employ sepa- 
rate antennas for receiving telemetry 
data and transmitting command sig- 
nals to the satellite. Present facilities 
include a nine-element Yagi for com- 
mand-telemetry at 136 me., with a 
similar antenna for operation at 108 
me. There also is a 16-clement Yagi 
for 136 me. operation which provides 
higher gain for use with high-altitude 
satellites. 

Industry proposals are being evalu- 
ated now for an upcoming procurement 
of a self-tracking Yagi antenna, with 
a gain of about 22 db. at 136 me., 
which will automatically track satel- 
lites from their radiated beacon signal. 
The new autotrack antennas are ex- 
pected to provide a significant improve- 
ment in tne quality of telemetry data, 
according to C. A. Schroeder, chief of 
the Tracking Systems Division, which 
is responsible for development of new 
network hardware and techniques. 

While the Minitrack network has 
been undergoing a continuing program 
of improvement, an order of magnitude 
or greater increase in tracking accuracy 
and data rate handling is needed for 
some of the more advanced scientific 
satellites on the horizon. These in- 
clude the Orbiting Astronomical Ob- 
servatory and the solar, eccentric and 
polar orbit geophysical observatories 
(OAO, OSO, EGO' and POGO). 

The planned EGO orbit calls for 
an apogee of about 50,000 mi., which 
will give it an orbital period of about 
40 hr. With the present Minitrack 
network, many hours would elapse be- 
tween satellite sightings, taking far too 
long to establish its orbital parameters. 

Also, the Minitrack interferometer 
technique is based on measurement of 
angles, which means that its inherent 
accuracy decreases as satellite altitude 
increases. The present Minitrack can 
determine angle to the satellite to 
within approximately 20 sec. of arc, but 
this corresponds to a possible error of 
nearly half a mile at a distance of 
50,000 mi. 

The new range and range-rate track- 
ing system developed by Goddard's 
Tracking Systems Division is expected to 


be able to determine the distance to the 
satellite with an error of about 75 to 
150 ft. and measure its change of alti- 
tude (range-rate) with an error less 
than 1.5 fps. or better, according to 
Schroeder. 

By triangulation of range and range- 
rate signals from three ground stations, 
separated by a suitable base length, the 
position of the satellite can be calcu- 
lated accurately. For missions where it 
is desirable to determine orbital param- 
eters quickly, the three ground stations 
must be located within several hundred 
miles of one another so that all can 
view the satellite simultaneously. But 


if continuous surveillance is more im 
portant, each of the three stations 
should be located approximately 120 
deg. apart in longitude to track the 
satellite sequentially with precise time 
data used to correlate each station's 
measurements. 

The three Goddard range-and-rangc- 
rate system stations, which Motorola is 
building under contract, will be installed 
in mobile vans so they' can be shifted 
for specific missions. Initial field tests 
are scheduled for next year. 

The new system requires that the 
satellite carry' a transponder which re- 
transmits the signal received from the 


PROVEN RELIABILITY— 

SOLID-STATE POWER INVERTERS 
over 260,000 logged hours- voltage-regulated, 
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support, 135°C all-silicon units available now- 
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This 437-T transmitter is a fixed 
frequency, crystal controlled, 
modular unit for use in the UHF 
225 to 400 me band for ground- 
to-air service. Its flexibility per- 
mits operation as a 10 Watt RF 
unit and, with our power amplifier 
added, operates as a 50 Watt 






UNIVERSAL "TYPE CERTIFIED" 
COMMUNICATIONS RECEIVER 
This "type-certified" unit features two 
rapid plug-in RF converter strips for op- 
eration in frequency range 108 to 152 me 
or in UHF 225 to 400 me. Excellent for 
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WRITE FOR TECHNICAL BULLETIN 516-RV-RU 
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GARDEN CITY, NEW YORK 
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New miniature 30° Throw "L" Ser- 
ies Rotary switches specifically 
designed for a variety of missile, 
aircraft and ground support equip- 
ment applications. Available in 1 
to 6 decks, any pole in shorting 
or non-shorting types. Available 
with a variety of power drives for 
remote operation. Meet or exceed 
applicable military requirements. 
Write for new Bulletin containing 
complete specifications. 





ground terminals. Distance is deter- 
mined by measuring the phase shift that 
occurs during transit to and from the 
satellite, while range-rate is determined 
from the resulting Doppler shift. The 
transmitted carrier wave contains a 
number of different frequency modu- 
lated subcarriers to provide high accu- 
racy phase delay measurement without 
ambiguity. 

The new system is intended to sup- 
plement, not replace, the Minitrack 
stations. It will be used only where the 
increased accuracy is needed and the 
satellite can afford the added weight 
of the transponder. 

Large Antennas 

To handle the increased bandwidth 
data requirements of the OAO. OSO, 
EGO and POGO scientific satellites, 
Goddard is building two new tracking 
and data acquisition stations with 85-ft.- 
dia. antennas and has requested funds 
for two more in Fiscal 1965. 

The first, the Alaska Data Acquisition 
Facility near Fairbanks, is nearly com- 
pleted and will be operated by the 
University of Alaska under NASA con- 

A second facility now under con- 
struction at Rosman, N. C., is slated 
for completion early in 1963. 

Because of the heavy usage required 
to control and receive data from the 
orbiting observatories NASA has asked 
for funds for another 85-ft. dish at 
Rosman and a fourth antenna to be 
located in the Far East. Sites under 
consideration include Japan, Okinawa 
and The Philippines. 

To illustrate the heavy work load 
which requires thd new facilities, the 
Eccentric Geophysical Observatory is 
expected to be in its high-altitude apo- 
gee, producing much-sought data, for 20 
hr. out of even' 40-42 hr. orbital period. 
The lower orbit OAO, OSO and POGO 
will be producing data arid requiring 
command instructions from the ground 
for 15 min. out of every 90-min. orbit. 

The Fairbanks antenna, standing 1 20 
ft. high, is the largest yet built in which 
the dish moves in north-south and east- 
west coordinates rather than in azimuth 
and elevation. This enables the an- 
tenna to track a satellite passing directly 
overhead without having to swivel 180 
deg. in azimuth. 

The antenna has multiple feeds 
which enable it to receive at 136 me.. 
400 me. and 1,700-2,200 me. Although 
it can be used both for tracking and 
telemetry at all three frequencies, the 
nearby Alaska Minitrack station prob- 
ably will be used for tracking at 1 36 me. 
The EGO and POGO satellites will 
transmit data at 400 me. while the pro- 
totype Nimbus will transmit at 1,700 

The antenna tracks the satellite 
automatically, using an amplitude 


Tru-Loc Swaged Aircraft Fittings 

guaranteed free from defects... 

Tru-Loc aircraft fittings are guaranteed three ways — they conform to 
specified dimensions; they hold to the minimum rated breaking 
strengths of the cables to which they are swaged; and they are free 
from deformation, splits and internal cracks. Tru-Loc swaged fittings, 
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& Cable Company, Inc. Special fittings can be designed as required. 
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TARGET: The Case for Space 

Let’s take the weight out of the case and put it in the payload! 
Why waste energy on heavy packages? High strength-to-weight 
glass filament-wound structures already have achieved mass 
ratios better than the egg’s .89 -and added many more pounds 
to payload for every additional point gained. This was done by 
Spiralloy®— Hercules’ conceptfor casing power packages of any 
size, for Mars and all points in between. Hercules has the capa- 
bilities and the. competence to undertake any assignment now . 


space systems 


THE CASE FOR SPIRALLOY 
Hercules originated and de- 
veloped resin-bonded glass- 
fiber cases for solid-fueled 
motors. Over a hundred suc- 
cessful launchings . . . Polaris 
(2nd stage). ..Minuteman (3rd 
stage) . . . Scout and Blue 
Scout (3rd and 4th stages) . . . 
Altair . . . Antares . . . have con- 
clusively flight-proved these 
superlight, superstrong struc- 
tures. In actual fact, Spiralloy 
is the only glass-fiber motor 
case with any major flight 
experience! 

NO SIZE RESTRICTIONS 
Filament winding techniques 
developed by Hercules are 
adaptable to giant boosters 
utilizing as much as 10 million 
pounds of solid propellant, 
wound at the launching site— 
or to small production-line 
components. Complete cham- 
bers, end-closure means, 
nozzles, interstage structures, 
junctions, clustering systems 
—all are representative appli- 
cations. 

SUPERIOR TENSILE STRENGTH 

Spiralloy structures have ex- 
ceptional tensile properties. 
Ultimate strength-to-density 
ratio is about 1 ,875,000— com- 
pared with 1,260,000 for 
titanium and 990,000 for heat- 
treated steel. Superior to all 
other current structural ma- 
terials in strength-to-weight 
ratio, Spiralloy is indeed the 
space material. 

HERCULES CAN DO! 
Wherever wound filaments 
are adaptable, Hercules can 
do now. For technical data on 
Spiralloy and. details on cur- 
rent and potential uses, write 
Chemical Propulsion Division, 
Hercules Powder Company, 
910 Market Street, Wilming- 
ton 99, Delaware. 



FIRST IN CHEMICAL PROPULSION 


monopulsc auto-track system built by 
Collins Radio. The Alaska antenna was 
built by Blaw-Knox, while the one at 
Rosman is under contract to Rohr 

New Developments 

The Tracking Systems Division, un- 
der Schroedcr. is responsible for devel- 
oping new techniques and equipment 
to improve the satellite tracking net. 

Approximately 25% of the division’s 
development program is carried on in- 
house, while the remainder is con- 
tracted. 

The new range-and-rangc-rate track- 
ing system was developed here, and a 
working breadboard model was con- 
structed in-house to evaluate feasibility 
before the contract was awarded to Mo- 
torola. A similar procedure was fol- 
lowed for a new digital PCM/AM-AM 
command system, expected to be more 
secure than the presently used tone 
command system. The new system also 
provides 70 commands, many more 
than are available with the existing 

Generally speaking, the division is in- 
tentionally Conservative when it comes 
to applying new techniques whose feasi- 
bility is questionable, preferring to em- 
phasize reliability, low power consump- 
tion and long life. 

Soon. Goddard will call for industry 
proposals for a new 136-mc. telemetry 
receiver with all solid-state construction, 
which can also be used for 400 me. and 
1,700-2,200 me. by substituting differ- 
ent front ends. The objective in chang- 
ing over from the present vacuum tube 
receivers is based on the practical ad- 
vantages which solid-state equipment 
provides. Schroeder says. The lower 
power consumption is an important 
factor at remote sites, which must pro- 
vide their own electric power, and the 
lower heat dissipation eases the burden 
on air conditioning power load. 

The solid-state equipment also 
should be smaller, and this is important 
as the amount of equipment needed at 
stations grows. Perhaps most import- 
ant, however, is the improved reliability 
which solid-state equipment promises. 

An antenna range near Goddard is 
expected to be operational this fall, en- 
abling the division to increase its in- 
house capability in antennas. Some 
modest outside study contracts in side- 
lobe suppression and low-noise designs 
are planned, Schroeder said. 

The division also has a modest out- 
side program in low-noise amplifiers of 
the diode-parametric type. Maser ampli- 
fiers are not being used at present be- 
cause of the problems of cryogenic 
cooling, and probably will await the de- 
velopment of a suitable closed-cycle 
cryogenic system suitable for use at 
remote sites. 

A major effort is under way to im- 



TOTAL 

POWER 

CONVERSION 

IN 

SPACE 

For the Ranger Project 
Moon Impact Vehicles, pro- 
duced by Cal Tech’s Jet 
Propulsion Laboratory for 
the National Aeronauticsand 
Space Administration, ITT 
designed and fabricated the 
complete power conversion 

Working from both solar 
and battery power, the over- 
all system provides 27 dif- 
ferent DC and AC outputs 
at discrete voltages, cur- 
rents and frequencies. 

ITT for total power systems 
capability. 

For further information write 
Power Equipment and Space 
Systems Department for Data 
File AW-1857-St 
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Goddard Data Processing Role to Increase 


Grecnbelt, Md.— Goddard Space Flight Center is preparing for the 
avalanche of data that will be telemetered back from the coming series of 
sophisticated scientific satellites, such as the orbiting solar, astronomical and 
geophysical observatories. 

Explorer 12 (S-3) provided a sharp warning of things to come when it pro- 
duced some 6,000 reels of telemetry tape in its three months of operation. 
But Explorer 12 transmitted data at the rate of 350 bits per second, high 
compared to many previous satellites, whereas the Eccentric Geophysical 
Observatory (EGO) will be designed to transmit at rates up to 64,000 bits 
per second, or 180 times as fast, with a corresponding increase in the amount 


of data collected. 

Although interest sometimes centers 
on the more glamorous aspects of Na- 
tional Aeronautics and Space Admin- 
istration’s scientific satellites, the end 
objective of the whole program is to ob- 
tain new information and reduce it 
promptly to a form suitable for use by 
the scientists whose experiments are in 

The matter of controlling and select- 
ing experiments in sophisticated satel- 
lites such as the Orbiting Astronomical 
Observatory is a related problem. These 
experiments will be designed to permit 
the ground station to select the next 
experiment conducted, but this must 
be planned carefully to permit maxi- 
mum useful data acquisition with mini- 
mum expenditure of spacecraft fuel 
and power. 

These are some of the challenging 
problems assigned to the Space Data 
Acquisition Division, headed by Dr. R. 
J. Coates. It is one of five divisions in 
Goddard's tracking and data systems 
directorate, under John T. Mengel. 

This division was created almost a 
year ago to centralize in one group all 
of the command, control and data ac- 
quisition functions which previously 
had been divided among several divi- 

Spacecraft Responsibility 

The division’s responsibility with re- 
gard to the spacecraft is limited to the 
encoder, which converts experiment 
sensor measurements into the required 
digital format for transmission to earth, 
and the decoder, which receives ground 
commands and converts them into 
suitable form for operating satellite 
controls and experiments. Responsibil- 
ity for the spacecraft telemetry trans- 
mitter and receiver is assigned to the 
Spacecraft Technology Division under 
the directorate for space sciences and 
satellite applications. 

This division of reponsibility assures 
that the digital coding format used to 
transmit data to and from spacecraft 
is compatible with ground data proces- 
sing facilities. Within the division, the 
spacecraft function is assigned to the 
space electronics branch. While cur- 

AVIATION WEEK 


rent scientific satellites are using pulse 
frequency modulation (PFM), the 
trend is to pulse code modulation 
(PCM) for higher data rates in the 
more complex payloads, according to 
Dr. Coates. The branch carries out 
paper design and builds breadboards to 
evaluate feasibility, but flight hardware 
usually is built by outside contractors. 

Responsibility for design and proto- 
type construction of ground-based data 
processing and display systems, operat- 
ing in real time to give NASA ground 
control stations a running status report 
on the operation of a satellite and its 
payload, is assigned to the space data 
control branch. For example, the OAO 
will telemeter back approximately 200 
status-report items on the state of its 
own temperature, power and internal 
conditions plus data on sensor measure- 

These must be processed in real 
time, automatically compared with ex- 
pected values and any discrepancies dis- 
played so that ground controllers can 
take necessary corrective action and 
transmit new commands to the space- 
craft. 

The advanced systems implementa- 
tion branch supports the space branch 


when a new equipment is ready for pro- 
duction by a contractor. This support 
includes monitoring the contractor’s 
efforts, supervising subsequent equip- 
ment installation, training station crews 
in its use and evaluating performance 
during initial use. 

Experiment Data 

The telemetered experiment data as 
recorded on magnetic tapes at various 
acquisition stations in the satellite net- 
work requires extensive processing and 
correlation before it is in a form suit- 
able for use by the experimenters. This 
function is assigned to the data process- 
ing branch. First step in the processing 
is a quick-look examination of the raw 
data to check its quality and suitability 
for subsequent processing, as well as 
checking on ground station equipment 
performance. 

The raw data signals often are buried 
deeply in noise and must be reconsti- 
tuted into idealized pulse form, a step 
carried out by a signal conditioner. The 
data then is converted from its original 
multiple channel parallel format into a 
digital serial form compatible with the 
digital computers which will perform 
subsequent steps. 

The revised format data tapes then 
arc processed by a CDC-160 or an IBM 
1401 to detect momentary loss of data 
or inconsistencies in the data. 

Finally, after the digital format tapes 
have been cross-checked against the 
original telemetry tapes for accuracy, 
they are run through a computer which 
adds information on satellite position, 
altitude and attitude, if it is available, 
for each set of telemetered data. The 
data, now in final format, can cither 
be printed out in hard copy form or the 
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data on each experiment can be ex- 
tracted and recorded on separate mag- 
netic tapes, which can be sent to indi- 
vidual experimenters for their own 
detailed analysis. 

Much of the equipment used by the 
data processing branch is designed ini- 
tially by the data instrumentation de- 
velopment branch. For example, the 
latter group has designed and built two 
of the present systems for processing 
telemetry data, known as STARS, an 
acronym for Satellite Telemetry Auto- 
matic Reduction System, and two more 
are under construction. 

Three of the four prototype STARS 
are designed to accommodate pulse fre- 
quency modulation data, currently be- 
ing used for scientific satellites such as 
Explorer 12. The fourth is designed 
to accommodate the newer PCM, 
planned for use on more advanced sat- 
ellites. 

Specifications currently are being 
prepared for an outside procurement of 
a general purpose STARS which will be 
able to handle both PFM and PCM, 
and process the data on a continuous 
production-line basis instead of in sep- 
arate stages as is now done. 

On-Board Processing 

Dr. Coates says there is growing in- 
terest in the use of on-board data proc- 
essing in the spacecraft to reduce the 
amount of data that must be teleme- 
tered and subsequently processed, with 
significant savings all around. The re- 
cently launched United Kingdom S-51 
was one of the first satellites to use 
on-board data processing. 

The decision to use this technique 
in S-51 was bom of necessity. Because 
of originally planned ground station 
coverage, data from desired measure- 
ments had to be stored in the satellite’s 
tape recorder, but it lacked sufficient 
capacity. Experimenters conceded that 
the many data points were needed only 
to obtain the slope of a curse. This 
could be obtained from measured data 
by a small on-board processor so that 
only a single value (slope of the curve) 
needed to be stored in the recorder, per- 
mitting a 50 to 1 reduction in data 
storage requirements. 

Multi-Data Results 

During times when the satellite was 
over a ground station, so that measure- 
ments could be telemetered down di- 
rectly without storage, it was possible 
to compare the multi-data results with 
those obtained by on-board processing. 
The agreement has been so close that 
on-board processing will be used en- 
tirely for this function in the next U. K. 
satellite, the S-52, Coates says. 

The Orbiting Astronomical Observa- 
tory is so complex an experiment, and 
its control will involve so many factors, 
that Goddard hopes to use a ground- 
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If the hour and minute hands of a watch are interchanged, how 
many different possible times could the watch show? 

—Contributed 

It’s time we talked of the WESCON Show, this year in L.A., mag- 
nificent in August ! You'll find the Los Angeles Sports Arena lo- 
cated in sunny Exposition Park just five minutes from Civic Center 
and many of our posh hotels, most with pools. Litton’s booth 
numbers will be popping up in this space next month. 
answer to last week's problem: Of all combinations of three 
factors whose product is 1296 only two add up to the same street 
number. These are 1 X 18x72 and 2x8x81, both of whose factors 
sum to 91. Maynard needed to make his second query only to 
resolve this ambiguity. Barring the possibility of a very precocious 
6 year old, the ages must be 1, 18, and 72. 
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Practical Dimensional Control of large Missile Cases 


Dimensional control in missile cases 
has in many instances been a perplexing 
problem requiring a solution beyond nor- 

especially true in the larger missiles 
which are made up of two or more plates 
which, after bending, are longitudinally 
welded together to form a cylinder and 
then two or more cylinders are girth 
welded together to form a complete mis- 
sile stage. Although the problems of di- 

nized in missiles fabricated by the roll 
and weld technique, the same problems 
are found to be as acute when forgings 
are spun out to the desired wall thickness. 

The most satisfactory approach to di- 
mensional control has been through the 
incorporation of the Grotnes mechanical 
expanding technique. Grotnes has devel- 
oped a metal forming machine tool which 
on a 16-foot long missile case is capable 
of tolerances within .006" of the geo- 


technique and economy of this method, 
as well as the necessity for this method 
of missile case manufacture, has been 
proven by more than nine major missile 
manufacturers utilizing 30 Grotnes ex- 
panding mandrel machine tools to form 

missile production. 

nally fabricated or forged to appropriate 
wall thickness but 1% undersized; these 

are then placed upon the expanding 

machine tool which in a matter of minutes 
expands the case to its final perfect size 
under controls sensitive to .001”, compen- 
sating for springback or other deformities 
or build-ups which may have been in the 
original piece. 

It has been our experience that those 
firms with the most background in mis- 


sile case manufacture are convinced the 
Grotnes metal forming machine tools are 
by far the most satisfactory method of 
obtaining the required dimensional con- 
trol for the welding or attaching of mat- 

banana shape from rough cases; insuring 
proper alignment and perfect fits for head 

sizing of cases manufactured of titanium, 
magnesium-thorium, and other high- 
strength alloys. 

If your responsibility includes the man- 
ufacture of missile cases, we will be 
pleased to send to you our engineering 
data pack titled “Obtaining Dimensional 
Control of Large Missile Cases”. Please 
address your request to J. Nohren, 
GROTNES MACHINE WORKS. INC. 
5454 North Wolcott Avenue 
Chicago 40. Illinois 

Wholly Owned Subsidiary of Inland 
Steel Co. and The Van Leer Group of 
Companies of Holland. 
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MISSILE GUIDANCE ENGINEERS 

Senior Engineers with BSEE or MSEE experienced in Missile Guid- 
ance transistor circuit design including Video Amplifiers, Gating 
Circuits, Switching Circuits, Signal Level Detectors, etc. 



MICROWAVE ENGINEERS 

Senior Engineers with BSEE or MSEE experienced in the design of 
Microwave Systems for Radar, Missile Guidance, etc. 

APOLLO TELEMETRY PROGRAM 

Senior Engineers are required with a BSEE or MSEE experienced in 
Space Data Communications and Solid State Electronics to work on 
the Apollo Telemetry Program. 

UNDERSEAS WARFARE 

Senior Engineers with BSEE or MSEE experienced in design of Sonar 
Transducers for Anti-Submarine Warfare and Underwater Navigation 
and Range Instrumentation. Additional requirements exist for 
Torpedo Guidance Systems Engineers involving semi-conductor 



MILITARY NAVIGATION 

Senior Engineers with BSEE and experience in low frequency elec- 
tronic circuit design, aircraft instrumentation, involving transistor 
techniques, and the design of high power transmitters. 


Please send resume to: 

W. C. WALKER 

Engineering 
Employment Manager 
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based computer to automatically pro- 
gram OAO operations, based on stated 
desires of the experimenters. 

The Data Systems Division, one of 
five under the tracking and data sys- 
tems directorate, is attempting to de- 
vise the required OAO computer con- 
trol program. The objective is to en- 
able a ground computer to simulate the 
OAO, with the same built-in con- 
straints that exist for the spacecraft it- 
self. For example, if one experimenter 
wants to scan a particular portion of 
the heavens during the next orbit, the 
computer will quickly determine 
whether the OAO can be maneuvered 
into this attitude in the required time, 
whether the desired stars will be ob- 
structed by the sun, moon or one of the 
planets, and whether the spacecraft 
power supplv can tolerate the experi- 
ment at this time, according to Dr. 
Joseph W. Siry, acting director of the 
division. 

The division, which might better be 
called the computation facilities divi- 
sion, is responsible for operating most 
of the digital computers at Goddard, 
including the two IBM 7090s used in 
the Mercury computing center. The 
division also operates a third 7090, two 
IBM 1401s and an RCA 301. the lat- 
ter used primarily as input-output proc- 
essors for the larger 7090s. The stable 
of computers also includes a CDC-160 
and CDC-160A, used primarily for 
editing Minitrack tracking data. Pres- 
ent plans call for the purchase of an- 
other 7090 and 1401 for use with the 
prototype Nimbus meteorological sat- 
ellite. 

Within branches of this division are 
the men who program the 7090s for 
the manned space flight missions, and 
operate the computers during a Mer- 
cury mission, working alongside engi- 
neers from IBM. 

Another function of the division is 
to carry out orbital parameter determi- 
nations such as apogee, perigee and pe- 
riod. For satellites such as Tiros, whose 
attitude can be controlled to a limited 
degree through the application of cur- 
rent to a coil aboard the satellite, this 
division computes the amount and tim- 
ings for such attitude corrections, based 
on an analysis of Tiros attitude data. 
Calculation of the optimum launch 
window periods for different types of 
satellites is another responsibility. This 
division also does considerable scientific 
computation for other divisions and di- 
rectorates at Goddard, Siry said. 

Within the last several months, God- 
dard invited 14 computer manufactur- 
ers to brief its scientists on their latest 
machines and new technology. In the 
near future, Goddard expects to brief 
a group of computer manufacturers on 
its own requirements for a new machine 
to be used for program control of the 



Taber Transducers play vital role in 
rocket research at Thiokol 

Credited with the first man-safe rocket powerplant. Reaction Motors Division of 
Thiokol Chemical Corporation relies on Taber TELEDYNE® Pressure Trans- 
ducers for research projects like the one above. 

In the words of Test Instrumentation Engineers of Reaction Motors, “Taber 
Teledyne Transducers provide accurate, dependable data under severe environ- 
mental conditions during static testing. Their excellent reliability and compati- 
bility with exotic propellants have enabled us to measure rocket engine param- 
eters with a high degree of confidence." 

Ideally suited to a wide variety of test, ground support, and airborne applica- 
tions, Taber Bonded Strain Gage Pressure Transducers provide many perform- 
ance pluses: high frequency response, infinite resolution, hysteresis of less than 
0.25% full scale, and low sensitivity to temperature effects, shock or vibration. 

For detailed information on Taber Transducers (in pressure ranges from 
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Much higher reliability . . . slightly higher price 



In order to furnish parts with a con- 
fidence level acceptable to the user, 
manufacturers must design beyond 
nominal or "standard” usage require- 
ments. At Deutsch, this concept is 
the guideline for all design criteria. 

We exceed the minimums in every 
applicable specification to assure our 
customers of continuous performance 
above and beyond documented re- 
quirements. For instance, our DD 
ball-lock and BTK bayonet-lock con- 
nectors exceed, by far, the latest 
revision to MIL-C-0026482. Here are 
just a few examples: 

^ Deutsch-developed silicone materials provide 
better wire and interfacial seals against altitude 
and moisture ... assure temperature performance 
above 300°F... guarantee better dielectric charac- 
teristics and dimensional stability under exposure 
to oils and fuels. 

it. Contact retention of 25# exceeds the 15# speci- 
fication by more than 60%. 

^ Fixed coupling rings make sure the connector 
remains a complete unit throughout assembly... 
provide grope free engagement . . . insure proper 
mating and lock of plug and receptacle. 

^ Positive visual lock indicators afford inspect- 


ability for correct connector assem- 
bly and engagement, 
tr. Millivolt drop, measured by the 
latest specification techniques, is 50% 
below the minimums before and after 
corrosion testing. And insulation re- 
sistance is at least four to five times 
higher at 300°F. than the specifica- 
tion’s minimum at room temperature. 

Insertable and removable contacts 
are crimp terminated to military 
standard geometry, and are held in 
place by mechanical devices that 
insure retention, contact alignment 
and are replaceable if damaged. 

^ MIL-C-0026482 electrical performance ratings, 
at altitude, are met and exceeded at 110,000 ft. in- 
stead of at the specified 80,000 ft. 

These and the many additional advantages of 
DD and BTK connectors may cost a little more, 
but in terms of value analysis are priced lower due 
to assembly time savings, repairability and, perhaps 
most important, favorable MTTF ratios under 
actual use. If you are faced with criteria calling for 
a high confidence level rather than just meeting a 
specification, we suggest you get all the facts on DD 
and BTK performance from your local Deutschman, 
or write fpr Data File R-7. 
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DEUTSCH 

CONNECTORS 
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OAO. Sirv said his division often is 
pressed to give orbital parameters on a 
newly launched satellite before it has 
obtained sufficient data from the exist- 
ing Minitrack network. He points out 
that when the original network con- 
figuration was laid out, Vanguard satel- 
lites were expected to be launched only 
in a low-inclination southeastern orbit, 
but todav satellites arc launched in a 
variety of other trajectories. 

But with additions to the satellite 
tracking network now programed or 
requested, the situation should become 
improved. 
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TIROS 5 satellite is launched by Douglas 
Thor Delta from Cape Canaveral. Satellite 
and vehicle arc managed by Goddard, which 
also collects, processes data. 


INTERNATIONAL 

AEROSPACE 

ABSTRACTS 


, . . WHEN 
KNOWLEDGE IS 
NEEDED TO KEEP 
LEADERS AHEAD 





With INTERNATIONAL AEROSPACE AB- 
STRACTS (IAA) you will not waste your 

Instead, IAA will stimulate the cross- 
creativity. 

As an IAA subscriber, you will know of all 
important breakthroughs and innovations 
in 175 areas, such as guidance, propulsion, 
nucleonics. Each monthly issue of IAA will 
give you highlights of new findings from 
around the globe. 

Join the aerospace leaders who keep moving 
ahead with INTERNATIONAL AEROSPACE 
ABSTRACTS. 


WRITE FOR 

YOUR SAMPLE ISSUE 



INSTITUTE OF THE 
AEROSPACE SCIENCES, INC. 

a EAST 64th STREET, N.Y. 21, N.Y. 


Circle 71 


345 







□ The thinking, probing, developing and 
the ingenuity of America’s dedicated scien- 
tists and engineers have brought us to the 
very threshold of Tomorrow. □ Through 
NASA, hundreds or thousands of finely 
trained minds and men in myriad fields of 
endeavor, working for thousands of contrac- 
tors and subcontractors, are united in a 
singleness of purpose — the safety and wel- 
fare of America. □ Thiokol’s Wasatch 
Division, a pioneer and pacesetter in the 
design, development, and production of re- 
liable rocket power, is playing a vital role in 
this program. □ Thiokol offers challenge, 
stability, and advancement to the professional 
scientist or engineer in many fields of en- 
deavor including: 


Design and Analysis □ Research 
and Development on Chemical and 
Metallurgical Materials □ Chemi- 
cal and Physical Test. □ Project 
Management □ Systems and Pro- 
cedures □ Planning and Schedul- 
ing □ Computations □ Reliability 

□ Quality Control □ Instrumen- 
tation □ Industrial Engineering 

□ Facilities □ Processing □ 
Materials Handling □ Testing 
Methods □ 


□ For further information concerning op- 
portunities in the center of scenic Western 
America, please forward a complete resume 
with salary requirements to: Mr. William J. 
Labus □ THIOKOL CHEMICAL CORP. 

□ Employment Office, Dept. 7-2 □ 120 
South Main Street, Brigham City, Utah □ 

An equal opportunity employer. 
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coupling of vehicles orbiting at predicted speeds of 14,000 miles per hour? Answer: 
Kollsman power optics guidance systems with accuracy potential of one part in 100,000 
miles.. □ Other Kollsman optical electronic programs currently in progress include im- 
proved integration of celestial navigation systems with pilot controls in manned space 
vehicles . . . athermal optics for orbiting solar observatories . . . and approach-pattern 
recognition techniques for vehicle guidance to planetary landings or space rendezvous. 


Kollsman Instrument Corporation 


NASA Strives for Procurement Flexibility 


Washington— National Aeronautics and Space Administration, less than 
four years old and still a business neophyte by government procurement 
standards, is developing a financial acumen keyed to a philosophy that money 
is a dynamic tool for reaching national technical goals rather than a limiting 
element. 

Dollars are considered in combination with the national technical capability 
and together these determine the total resources to be committed to space. 

With this approach, the space pro- tions (see chart, p. 350). One objec- 
gram avoids the handicaps of an over- tive of decentralization is to broaden 
riding desire to balance the books. In- the base of sources. Each center has 


designed to be flexible own bidders’ and suppliers’ lists and 
underwrite a significant conducts its own competitions for 

' ' equipment, construction and research 

and development. 

NASA also is interested in unsolicited 

K iposals in all scientific disciplines. 

is program is managed by the Office 
of Research Grants and Contracts at 
headquarters here (see p. 357). 


enough 

breakthrough or a new project that Wi 
not programed, and strong enough to 
eliminate any project that has reached a 
dead end. 

NASA is young enough to take calcu- 
lated risks in the way it does business, 
but most of its innovations are in tech- 
nique and not in basic procedure. Com- 
plications that have arisen have 
stemmed mostly from the fact that its 
prime contractors are the same industrial 
firms that work chiefly for the Defense 
Department. 

NASA Departures 


Procurement Regulations, 
agency is developing its o\i 
and industry is finding significant de- 
partures in the emphasis that NASA 
places on such areas as quality assurance, 
on-time delivery and performance. 

Tlie impact of these departures will 
become pronounced in Fiscal 1963, 
when NASA expects more than 150,000 
different procurement actions involving 
contracts valued at more than S3 bil- 
lion. NASA intends to write formal 
contract clauses covering many of the 
quality and performance requirements 
that previously were only implied. 

Although the agency can experiment 
with its procurement techniques, it can- 
not do so in its flight program, where 
man-rating and reliability of hardware 
must be near-absolute no matter how 
complex the system. Unlike the missile 
development program, where scores of 
Atlas or Titan vehicles could be 
launched before the system was consid- 
ered operational, much of the wringing- 
out process for the large Saturn C-5 
and Nova space boosters will have to be 
accomplished before first firing. 

It is within this framework of monu- 
mental cost per item, a few of each 
kind to be produced and a need for the 
utmost in reliability that NASA sees the 
demand to improve greatly on classical 
government procurement practices. 

NASA has completely decentralized 
its procurement. Contracts are written 
at headquarters and at 10 field installa- 


Selection Process 

Centers initiate all research and de- 
velopment contracts on the basis of pro- 
grams approved by project chiefs at 
headquarters. Source evaluation boards 
are formed for all projects costing SI 
million or more. If the estimated cost 
is below S5 million, the contract is writ- 

ten by the centers and headquarters 

But the does not become involved in the pro- 


When the estimated cost is above S5 
million, the center having the technical 
responsibility for a project prepares 
background work and forwards it to 
headquarters as the basis for requests 


for proposals and specifications. Ordi- 
narily, the project chief in headquarters 
becomes the chairman of the source 
evaluation board, which will include 
headquarters and field experts in both 
management and technical areas. 

An evaluation board establishes cri- 
teria and develops a request for propos- 
als, which is sent to a preferred list of 
companies that NASA considers quali- 
fied to perform the job. Bidding is not 
restricted to this list, but NASA has 
found that it very seldom receives bids 
worth serious consideration from com- 
panies that were not on the original list 
for a particular competition. 

This is the beginning of a two-step 
competition designed to help reduce the 
need for what NASA calls "brochurc- 
manship”— the preparation of elaborate 
and costly proposals by a large number 
of companies when only one or two will 
be awarded contracts. 

Pre-Proposal Briefings 

Pre-proposal briefings are held to ac- 
quaint potential bidders with the com- 
plexity and difficulty of the job to be 
tackled. In most cases, the majority of 
companies that attend pre-proposal 
briefings drop out of the running by 
the time the formal bidders' conference 
is held. 

Requests for proposal are distributed 
at the bidders’ conference. 

For competitions involving more than 
$5 million, evaluation board reports are 


NASA Contractor Statistics 

National Aeronautics and Space Administration’s largest contractor is North 
American Aviation, Inc., California leads all states in dollar value of NASA contracts, 
and the Marshall Space Flight Center is the agency’s biggest spender, according to 
the most recent fiscal summary issued by NASA. 

The report, covering the six-month period which ended last Jan. 1, shows North 
American received payments totaling $47.6 million; McDonnell Aircraft, $37.4 mil- 
lion; Douglas Aircraft, $21.7 million; United Aircraft, $18.4 million; Ling-Teinco- 
Vonght. $11.4 million; Grumman, $10 million; Aerojet. $9.5 million; Radio Corp. 
of America, $7.3 million, and Chrysler and Bcndix, $6.7 million. 

Contractors whose components were purchased through Defense Department arc 
not included. These purchases totaled $169 million for the period. If these con- 
tractors were included, companies such as General Dynamics, which supplies Atlas 
boosters, and Lockheed, which supplies the Agcna upper stage, would outrank some 
firms now high on the NASA list. 

For the same period, California companies received $100 million; Missouri, $38 
million; Alabama. $27.6 million; Florida. $27.3 million; New York, $23 million; 
Texas, $13 million and Maryland, $12.2 million. 

Marshall Space Flight Center had 11,300 procurement actions during the six- 
month period, obligating $257.3 million. Western Operations Office had 500 actions 
involving $15-1.2 million; Goddard Space Flight Center, 8,800 actions involving 
$73.6 million; Manned Spacecraft Center, 1,100 actions and $47.2 million; Langley 
Research Center, 11,000 actions and $32.9 minion; headquarters, 3,300 actions and 
$30.9 million; Lewis Research Center, 10,900 actions and $12.9 million; Ames 
Research Center, 5,000 actions and $6.7 million: Wallops Station, 1,800 actions and 
$6.5 miUion and the Flight Research Center, 2.500 actions for $1 million. 
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Do you share his probing curiosity? 



“Why" and "How" are more than words to him; they're a way of life. The need to know is an urgent drive that won’t let 
him rest. 

Are you a questioner by nature? Then come to Northrop. Pick your own area of investigation from more than 70 
active projects. They range through space guidance, life support and deceleration systems to undersea technology, 
automatic checkout and failure prediction systems. 

On the following pages you'll find some specific positions available now at Northrop Space Laboratories and Norair 
Division. Look them over. One may be just what you're looking for. 

But if you don’t happen to find your specialty listed, don’t give up. Get in touch with us anyway. We simply don't 
have room to mention all the opportunities to be found throughout Northrop's several divisions. If yours is an active, 
seeking mind, there’s bound to be a spot for you. Write to Dr. Alexander Weir, Northrop Corporation, P.O. Box 1525, 
Beverly Hills, California, and tell us about yourself. You will receive a prompt reply. |^j Q 



NASA Procurement Directory 

Installation 

Procurement Officials 

Specialty Areas 

NASA Headquarters 
Washington 25, D.C. 

Albert A. Clagett, procurement officer 
E. W. Quintrell, small business specialist 

Foreign government and foreign com- 
mercial contracts; studies and surveys 
in research and development and man- 
agement. 

Ames Research Center 
Moffett Field, Calif. 

A. S. Hertzog, procurement officer 
Donald E. Davis, small business specialist 

Re-entry physics, environments, exobi- 
ology, biotechnology, environmental bi- 
ology, guidance, stabilization and control. 

Langley Research Center 
Langley Station, Hampton, Va 

Sherwood L. Butler, procurement officer 
Joseph F. Braig, small business specialist 

Aerodynamics, heat transfer, materials, 
structures, fluid mechanics, guidance and 
control, development of prototype simu- 
lators and research instrumentation. 

Goddard Space Flight Center 
Greenbelt, Md. 

Gordon H. Tyler, procurement officer 
Harry T. O'Toole, small business specialist 

Complete systems in space sciences and 
satellite applications and in tracking, 
data acquisition and data reduction. 
Theoretical program in astrophysics, 
celestial mechanics, plasmas, lunar sur- 
face, earth and planetary atmospheres. 

Jet Propulsion Laboratory 
Pasadena, Calif. 

T. W. Candee, procurement officer 
G. R. Lawrence, small business specialist 

Propulsion, aerodynamics, chemistry, 
guidance, communications, physics and 
mathematics relating to complete un- 
manned lunar and interplanetary space- 
craft. 

Western Operations Office 
Santa Monica, Calif. 

Earle Sample, procurement officer 
Alex Mirosav, small business specialist 

West Coast contract monitor for industry, 
research organizations, NASA installa- 

Flight Research Center 
Edwards, Calif. 

Morris E. Bowling, procurement officer 
Lloyd J. Walsh, small business specialist 

Aircraft aerodynamics, heating, operat- 
ing problems, simulation and flight sup- 

Wallops Station 
Wallops Island, Va. 

Louis T. Birch, procurement officer 
Robert H. Bradford, small business 
specialist 

Rocket-propelled vehicle experiments, in- 
cluding satellite payload prototype in- 
struments. Scout-launched satellites and 
probes. 

Marshall Space Flight Center 
Huntsville, Ala. 

Wilbur S. Davis, procurement officer 
James S. Morrison, small business adviser 

Development and prototype construction 
of Saturn-class launch vehicles, includ- 
ing aeroballistic and related sciences, 
simulations and data reduction, research 
in manufacturing, guidance and control 
systems, vehicle checkout and launch. 

Lewis Research Center 
Cleveland, Ohio 

John Biggs, procurement officer 
Norman C. Prahst, small business 
specialist 

Chemical and nuclear rockets, electric 
propulsion systems, power generation 
and space environmental systems. 

Launch Operations Center 
Cape Canaveral, Fla. 

Gerard A. Michaud, procurement officer 
Carl J. Dahl, small business specialist 

Construction, supplies, materials and 
services for vehicle preparation and 
launch. 

Manned Spacecraft Center 
Houston, Tex. 

Dave W. Lang, Jr., procurement officer 
H. T. Christman, small business specialist 

Mercury, Gemini and Apollo manned 
spacecraft, with some advanced technical 
development studies under contract. 

Space Nuclear Propulsion Office 
Germantown, Md. 

George Kimball, procurement officer 

Project Rover ond the Nerva nuclear 
engine, advanced technology, test facili- 
ties, reactor and vehicle development. 


Ideal's Rate of Turn Tables and Motion Tables— long* 
time leaders in the field of gyroscopic instrument 
testing and exercise— offer quality construction and 
guaranteed superior performance. 
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forwarded to NASA Associate Adminis- 
trator Robert C. Seamans, Jr. He and 
Deputy Administrator Hugh L. Dryden 
then review the reports and make a 
recommendation to NASA Administra- 
tor James E. Webb, who makes the 
final decision. 

Top NASA officials insist that there 
has been no case where a contractor 
was selected solely for political reasons. 
They concede that the political facts of 
life have been taken into account, but 
they say that so far they have never 
been placed in the position of awarding 
a contract to a company that did not 
have full technical capability to handle 
the job. Technical considerations are 
given top priority; then management 
considerations; and finally, NASA’s de- 
sire to bring new companies into space 
work to broaden the base of techno- 
logical competence is weighed. 

Increasingly, NASA is trying to cut 
down cost and manpower and improve 
the selection process in highly complex 
competitions such as Apollo and Nova 
by awarding several conceptual design 
study contracts before it picks a hard- 
ware developer. This is the first phase 
of the two-phase competition. It is 
probable— but by no means guaranteed— 
that one of the study companies will be 
selected to develop the hardware for the 
space agency. 

NASA relies primarily on two types 
of contracts: 

• Cost type, either straight reimburse- 
ment or with a fixed fee. During the 
six months ending last January, 82% 
of NASA’s contracts were cost-plus- 
fixed-fee, which is considered the most 
attractive type when technical un- 
knowns are involved. By law, fees are 
negotiated in dollars, and they average 
6 to 7% of the total job cost. 

• Fixed price, which account for 17% 
for NASA’s contracts. This type is 
used when the item or services to be 
procured can be clearly defined. It is 
the Type usually used for conceptual 
studies in which negotiations are in 
terms of man-hours. 

Inserting new twists into classical 
government procurement practices has 
been difficult at a time when NASA’s 
budgetary expansion has paralleled the 
agency’s growth in responsibility. 
NASA began its life as an agency a 
quarter of the way through "Fiscal 1959 
with an appropriation of $300 million. 
Its budget for Fiscal 1963, which began 
July 1, amounts to $3.6 billion— about 
70% of which is earmarked for research 
and development. 

Most of the .major contracts in the 
future will contain new clauses 
covering: 

• Quality assurance— with provisions for 
inspectors, prime systems contractors 
and suppliers. The quality assurance 
provisions were developed beginning 
more than a decade ago by the former 
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Anny Ballistic Missile Agency research 
and development team, most of whom 
transferred to NASA to form the 
nucleus of the Marshall Space Flight 

• Program Evaluation and Review 
Technique (PERT)— A computer analy- 
sis method for reporting critical pro- 
gram events, modeled after Navy’s 
Polaris PERT system. 

• Financial reporting— Budget Bureau 
recently approved a NASA program 
which requires that contractors report 
monthly their total costs to date and a 
projected total project cost. This will 
be the first use of such a technique in 
government procurement history. 

NASA is aware that the innovations 
will add to the complexities and costs of 
projects. It has already heard com- 
plaints of over-management and govern- 
ment red tape. But the agency feels the 
expense of space projects and the re- 
quirement for reliability, particularly in 
manned space flight, makes fomial con- 
tract provisions in these areas logical 
and necessary. 

Emphasis on quality assurance is de- 
signed to eliminate flight failures by 
microscopic inspection during produc- 
tion and checkout. PERT will focus 
management attention on existing prob- 
lem areas and on activities that are 
likely to become critical. Financial re- 
porting will help to rectify one of the 
most overwhelming research problems 
—cost estimating. 

One NASA official put it bluntly: 
"We are not satisfied with out own cost 
estimates. We are damned unsatisfied 
with our contractors’ estimates.” 
Incentive Contracting 

Along with tighter management con- 
trols, NASA is seriously attempting to 
find ways of adding incentives to con- 
tracts. Wesley Hjomevik, director of 
administration for the Manned Space- 
craft Center, said it is difficult to find a 
"handle" on which to base research and 
development incentives when an item 
has never been made before. The target, 
he said, must be objectively measured, 
but it cannot be subject to adjudication 
after the job has been finished. 

Herbert L. Brewer, a headquarters 
procurement officer, pointed out that 
the incentives problem is complicated 
by the small number of items NASA 
makes under one contract— for example, 
the Apollo spacecraft. Even though this 
contract will be sizable in dollars, num- 
bers of spacecraft to be produced will 
be relatively low. 

NASA is willing to pay premium fees 
if performance is good, and performance 
may be the optimum base for research 
and development incentives. Ernest W. 
Brackett, procurement director, said 
the agency is considering a system of 
contractor performance evaluation which 
will take into account the general qual- 



Wanted: Men who cannot curb their curiosity 


Scientists, to perform research in nuclear and radio-chemistry, and to conceive and 
carry out investigations in the fields of activation analysis, dosimetry, gamma ray 
spectrometry, surface phenomena, and numerous other areas. 

Structural engineers, to do stress analysis and optimize the design of advanced 
space structures. 

A plasma physicist, to Join our growing program in the measurement of plasma 
properties, spectroscopy, diagnostics, accelerators, and power conversion devices. 


A mathematician-physicist, to concentrate on systems analysis and operations re- 
search applied to military and non-military space systems. 

Physicists experienced In electro-optical imaging devices and laser theory; engineer- 
ing mathematicians interested in detection theory, reconnaissance and tracking; 
electronic engineers who know their way around statistical communications theory 
and noise phenomena; for new and original work in satellite detection systems. 


For more information about these 
Space Personnel Office, III! E. Br 
thorne, California. You will receive a 


and other opportunities, write to W. E. Propst, 

ZZZ. NORTHROP 
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ity of a job, delivery schedules, reason- 
ableness of cost estimates, reliability, 
management cooperation, and ultimate 
performance. 

When a launch is successful, the out- 
come of this evaluation is obvious. But 
the drawbacks are obvious, because 
when a launch fails because of a minor 
switch or valve, it will be hard to penal- 
ize contractors whose components did 
not have an opportunity to perform. 

The new quality assurance provisions 
are designed to eliminate such random 
failures, however, and they require that 
contractors and suppliers, large and 
small, document their inspection plans 
as part of their contracts. 

Quality Assurance 

The quality assurance program con- 
sists of three parts: 

• Inspection agency provisions, which 
spell out inspection plans and methods 
of monitoring and reporting on the con- 
tractor quality assurance system. Essen- 
tially, it is the guide to be used by De- 
fense Department representatives who 
monitor NASA contracts, and by NASA 
plant representatives. 

• Major contractor provisions, describ- 
ing requirements for relation of quality 
to reliability, the quality program plan, 
design control, qualification tests, con- 
trol over subcontract quality, fabrication 
and process controls, documentation, 
corrective action and quality auditing. 

• Supplier provisions, which call for 
documentation of the company’s in- 
spection plan and defect-prevention 
methods for components it buys from 

Within 45 days after the award of a 
contract, the prime contractor must pro- 
vide a plan which shows how his qual- 
ity program will operate and what 
changes are necessary in his program 
to meet NASA contract requirements. 
He is then required to maintain and 
document control over design and de- 
velopment, including review of draw- 
ings and specifications and qualification 
tests; materials which he procures and 
inspections and standards for tests and 
measures; government-furnished mate- 
rials inspection; articles which he fabri- 
cates; calibration and maintenance ot 
his test equipment, and packaging, 
handling, storing and shipping. 

NASA’s major contractor quality 
assurance provisions also require a train- 
ing program for employes involved in 
quality control inspections and those 
who purchase and fabricate parts. 

The provisions call for a monthly 
status report along with immediate re- 
ports on any failures or difficulties. 
NASA will retain the prerogative to 
review the qualification status list, end- 
item test plan, and end-item test and 
inspection procedures. 

The contractor, subject to NASA re- 
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Now available are servo 
motor tachometers which 
operate reliably over a wide 
ambient temperature range. 
For example, from 0°C. to 
85°C., this Size 11 will main- 
tain a speed sensitive volt- 
age to within 0.3%, a phase 
shift to within 1°, and a 
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0.07% from 0 to 3600 rpm. 
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view, establishes his general quality 
program plan, test and inspection pro- 
cedures, process control procedures, 
storage procedures for end-items and 
special sampling plans. 

Provisions for suppliers, many of 
which are small businesses, are consid- 
erably less stringent than those for 
prime systems contractors. Suppliers' 
inspection system clauses generally 
spell out responsibility for control of 
procurement source material quality, 
inspection and test of their own com- 
ponents, and process control. 

NASA PERT System 

NASA's PERT system is similar to 
the basic Navy PERT system in that it 
uses data processing equipment, it 
establishes a network of activities in a 
dependent sequence flow array, and it 
determines critical path and slack de- 
termination. NASA PERT uses a 
single time estimate for network activ- 
ity, while the Navy system has a three- 
time estimate. Another variation is 
that NASA PERT uses the milestone, 
or top level event, as the master 
schedule. 

The system was established in-house 
last September as a management tool 
for project and systems managers in the 
field, and two months ago it was ex- 
tended to contracts that are adaptable 
to PERT. 

Contractors and NASA centers work 
as a team in accomplishing PERT, with 
NASA defining the number and scope 
of contractor networks and the con- 
tractor developing these networks, iden- 
tifying events and activities constituting 
the networks, and estimating direct 
labor involved with each activity. 

Project chiefs receive the following 
PERT information bi-weekly from the 
NASA-contractor team: 

• Summary outlook— an assessment 
for meeting milestone dates on the 
master schedule, any changes in outlook 
from the previous report, and reasons 
for the change. 

• Significant progress— describing mile- 
stones reached. 

• Pacing tasks— identification and dis- 
cussion of critical paths derived from 
the latest computer input. 

• Corrective action taken, and its effect 
on resources. 

One of the best ways NASA has 
found to spread the base of space pro- 
curement has been to enlarge the oppor- 
tunities for small businesses— firms em- 
ploying 500 or less. In addition to 
some "set-aside” actions, on which only 
small businesses can bid, the agency 
recently began a policy of carrying 
names and addresses of prime contrac- 
tors invited to bid on projects in the 
Commerce Department synopsis. This 
policy is for contracts of $100,000 and 


Norair needs inquisitive men 



We're looking for men who've never outgrown the age of curiosity. Men who ask 
questions simply because the questions are there. If this is the way your mind 
works, why not get in touch with us? You'll find a stimulating variety of active proj- 
ects in work — projects to challenge the most penetrating curiosity. The following 
positions are available now: 

Engineers in electronic checkout systems who have worked with advanced design 
and program development. 

Engineers whose background is in supersonic aerodynamics, stability and control, 
inlet design, ducting, and performance analysis. 

Engineers familiarwith airframe structural analysis. 

Scientists specializing in infrared, optics, and electronic research. 

Engineers to work in data reduction. 

Scientists who know structures research and dynamics. 

Scientists who have done supersonic aerodynamic research. 

Scientists experienced in working with information and sensing systems, platforms, 
infrared, sensors, flight controls, airborne computing and data handling systems. 
Engineers familiar with programming, operations, and instrumentation for ballistic 
missile flight test. 

Reliability Engineers to assess the reliability and to optimize the configurations and 
mission profiles of space systems. 

Chemical Engineers to work on the development and applications of structural 
adhesives for aerospace vehicles. 

Metallurgical Engineers for research and development on materials and joining. 


If you'd like more information about these opportunities and others soon tc 
able at Norair, write and tell us about yourself. ■ 

Write Roy L. Pool, Engineering Center Person- \ 
hel Office, 1001 E. Broadway, Hawthorne. Cal. 


NORTHROP 
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From sea to stars— the range of LOCKHEED ADVANCED DEVELOPMENT 


Air. Space. Sea. Vast frontiers that challenge Lockheed's 
scientific creativity, engineering knowledge, manufacturing 
skills! None offers greater scope than Advanced Aircraft. 

The Hypersonic Fighter pictured above is only one example 
of many advanced concepts. Others— illustrated below— are: 

1) The Supersonic Transport design concept typifies the 
Company's creative thinking and planning. 

2) So does the Rigid Rotor Helicopter. Lockheed's heli- 
copter test bed, flying for several years, already has 
demonstrated outstanding stability and maneuverability. 

3) Hydrofoil: its stability, control and noise, now are under 
intensive study. 

Other major projects— in Spacecraft and ASW Systems— 
engross the attention of Lockheed Scientists and Engineers. 


Result: Genuine opportunities for genuine career-progress 
—in an environment in which inventive minds flourish. 

Scientists and Engineers of top-level talent and training 
are invited to explore these immediate openings: Human 
Factors; Design Engineering (aircraft and non-aircraft) struc- 
tures, electronics, mechanical; Thermodynamics; Servosys- 
tems; Reliability; Guidance and Control; Dynamics; Electronic 
Systems; Aerospace Ground Equipment; Bioastronautics; 
Systems Integration and Trade-off; Space Mechanics; Sub- 
Systems Synthesis and Analysis; Nuclear, Electric and Liquid 
Rocket Propulsion; Electronics Research; Hydrodynamics. 
Send rdsumd to: Mr. E. W. Des Lauriers, Manager Profes- 
sional Placement Staff, Dept. 1107, 2406 N. Hollywood Way, 
Burbank, California. An equal opportunity employer. 
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Contract Research Reflects NASA Growth 


Washington— One of the most significant indicators of the National Aero- 
nautics and Space Administration’s growth is the amount of research the 
agency buys and supports to complement research being done in its own 
centers. 

When NASA was established almost four years ago, it had a budget of 
about $1 million to support research conducted under grants and contracts. 
In Fiscal 1963 it will spend $100 million, directly and indirectly, for sponsored 
research. 


The agency's research interests ran 
across the entire scientific spectrum. 
An estimated 500 grants and contracts 
were funded in Fiscal 1962. This is more 
than one-third of the proposals submit- 
ted during the year, and the space 
agency obligated about $50 million to 
support them. 

Research Philosophy 

Philosophy behind NASA’s research 
support is to let people with ideas come 
to NASA, according to Dr. Thomas 
L. K. Smull, director of the Office of 
Research Grants and Contracts. In this 
way, the scope of new ideas does not 
become restricted and the probability 
increases that the space agency will un- 
derwrite most research projects that 

Objective of the program is to tap 
the best minds in the country, in uni- 
versities, industry, non-profit organi- 
zations and government laboratories. 
An obvious fallout is the stimulation of 
training and interest in universities, 
which will furnish scientists and engi- 
neers to both industry and NASA in 
the future. 

Dr. Homer E. Newell, director of 
space sciences, recently pointed out 
the critical role that universities play in 
the space program. "The government 
laboratory, industry, the research foun- 
dation, all use up trained talent without 
reproducing this vital resource,” he 
said. “The university alone replenishes 
the resource by the production of new 
engineers and scientists.” 

NASA will attempt not to set up 
activities that tend to draw strength 
away from the university or draw the 
researcher away from his teaching, Dr. 
Newell said. 

First Contact 

First contact for a researcher with 
a proposal is Dr. Smull’s office. The 
proposer does not have to follow a 
standard format. What NASA wants 
to know essentially is the problem, how 
it will be attacked, what will be ac- 
complished, and the effort that must 
be expended. 

If the proposal comes from a univer- 
sity or non-profit organization, it be- 
comes a candidate for a grant. If the 
originator is a company, the proposal 
will be funded by a contract. 


Research grants can be made active 
for as long as three years, and NASA 
encourages proposals for long-term 
projects. 

Research contracts normally are 
awarded on a cost-plus-fixed-fee basis 
because costs cannot be accurately 
forecast. 

Once a proposal is received from any 
source, it is diffused throughout the 
NASA organization wherever the speci- 
fic interest lies. If it is an idea for an 
instrument to be carried on a satellite, 
the proposal is documented and pres- 
ented to the Space Sciences Steering 
Committee for consideration. This 
committee selects all NASA satellite 
and probe experiments. 

If the proposal is in a field in which 
NASA is expert, the proposal review 
may be conducted completely in-house. 
In areas where the agency has limited 
competence, Dr. Smull’s office convenes 
a panel of consultants, which recom- 
mends action. 

Program Financing 

Smull directly administers the pro- 
gram, but financing can come from a 
variety of offices. In the lunar and plane- 
tary program, for example, the Office of 
Space Sciences will fund sponsored re- 
search projects from which it will bene- 
fit. University participation in this pro- 
gram is sizable, and it is indicative of 
fairly widespread national interest. Of 
the total Ranger project participation, 
39% is furnished by universities. The 
percentage goes as high as 59% in 
Mariner and 64% in Surveyor. 

Research that is mission- or project- 
oriented will account for about $90 mil- 
lion in Fiscal 1963, and NASA has 


about $10 million available for gen- 
eralized, fundamental research. 

Research activity should not be con- 
fused with hardware development, how- 
ever. Once a research project reaches 
the flight hardware stage, it transfers 
in administration from the Office of 
Research Grants and Contracts to the 
headquarters program office most di- 
rectly concerned. 

Fundamental Studies 

The Isomet Corp. of New Jersey, for 
example, has been conducting funda- 
mental studies for the past four years 
on closed chemical systems for the re- 
duction of carbon dioxide into oxygen 
and carbon. NASA has funded these 
studies in the amount of $404,000. 
Although the research may require pro- 
duction of some hardware, this is in the 
category of laboratory instrumentation 
and not flight hardware. If Isomet is 
successful, funding will shift to the 
Office of Manned Space Flight when 
NASA decides to buy the system for a 
spacecraft. 

Smull’s office awarded the Massachu- 
setts Institute of Technology a $400,- 
000 grant in 1960 to develop a labora- 
tory prototype of the Apollo guidance 
and control system. Manned Spacecraft 
Center approved MIT's design last May 
31, and at that time, tne funding 
shifted from headquarters to the center. 

In the most recent tabulation of ac- 
tive grants and contracts, NASA was 
doing business with 67 colleges and uni- 
versities, 27 companies, 21 non-NASA 
government laboratories and 1 1 non- 
profit organizations. About 80% of the 
dollar is awarded in grants to universi- 
ties and non-profit organizations. The 
remainder goes to industry and govern- 
ment laboratories in contracts. 

Although there are many small 
schools and companies represented in 
the active list, NASA feels any pattern 
of geographical distribution is acciden- 
tal— the agency is basically interested in 
quality research rather than an attempt 
to sponsor as much research as possible. 

Indicative of the scope of NASA’s re- 


Role of Universities in Space Research 

"Accomplishing the space mission requires the strong and vigorous participation of 
our universities and colleges." according to Dr. Homer E. Newell, director of National 
Aeronautics and Space Administration's Office of Space Sciences. NASA’s responsi- 
bility in this relationship is to bear “its fair share of the support" so that universities 
and colleges can participate in the space program, Dr. Newell said. 

Although NASA cannot meet all demands, the agency "stands ready to invest an 
appreciable fraction of its resources” in the university grants program, and to a 
limited extent in provision of buildings and facilities, he said. 

Universities "must bear their share of responsibility to the space program and allo- 
cate an appropriate fraction of their material, as well as human, resources to the 
effort," he said. 
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search interest is this general summary 
of areas open to support: 

• Fundamental research— Basic and ap- 
plied research related to aeronautical 
and space sciences. It includes physical 
sciences, either theoretical or experi- 
mental, in areas such as materials, chem- 
ical and energy transformations, extreme 
temperature processes and phenomena, 
and mathematics as it applies to control 
theory, trajectories and information 

Engineering Sciences 

In the engineering sciences, NASA 
is interested very broadly in develop- 
ment of new techniques and exploita- 
tion of scientific knowledge. Critical 
problem areas include energy produc- 
tion and conversion; electronic proc- 
esses in measurement, guidance, control 
and communications; mechanics of or- 
bits, trajectories, guidance and struc- 
tures; hypervelocity fluid dynamics, and 
system analysis and control. 

Areas of research open in cosmologi- 
cal sciences include astronomy, astro- 
physics, geophysics, geochemistry, ma- 
terial particles and energies. Socio- 
economic studies emphasize assessment 
of the effects of space technology on 

• Space flight research, covering gen- 
erally the sciences involved in launch 
vehicle and spacecraft development. 
Critical areas include most aspects of 
scientific space investigations using 
sounding rockets, satellites and lunar 
and planetary spacecraft. 

NASA also is interested in determin- 
ing specific future application potentials, 
such as those under way in communi- 
cations and meteorological satellite pro- 

Other Areas 

Other broad areas of interest in space 
flight are operational problems of 
manned space flight, research in trajec- 
tory determination, data acquisition 
and processing, fundamental studies of 
advanced vehicle systems and booster 
recovery techniques and fundamental 
studies of chemical rocket propulsion, 
nuclear and space power technology. 

• Life sciences research, concerned 
with man in space and the search for 
extra-terrestrial life. Categories of in- 
terest are flight medicine and biology, 
involving biotechnology and the oper- 
ational aspects of biomedical experi- 
ments; space medicine and behavioral 
sciences, which concerns physiology, 
metabolism, radiology, psychology and 
sociology as it applies to manned space 
flight; space biology, involving research 
in life on planets and in space, and 
the effects of space on biological phe- 
nomena. 

Smull emphasized that categorizing 
has many shortcomings because it ap- 
pears too restrictive. Unsolicited pro- 


posals arc evaluated as to how they re- 
late to NASA's objectives— but since 
long-range objectives encompass most 
of the scientific and engineering disci- 
plines, this relationship is interpreted 
very broadly. 

NASA Program 

This fall, NASA will begin a prac- 
tical program of stimulating the flow of 
new scientists to meet industrial and 
government needs of the expanded 
space program. The program, also to 
be administered by Smull, involves 
training 100 pre-doctoral students at 
10 universities. Students will receive 
stipends and allowances totaling $3,400 


annually, as well as tuition and fees. 

Universities are selecting candidates 
for the program on the basis of their 
academic records and ability to com- 
plete the necessary work for doctorates 
in three years. 

Because the research which NASA 
supports should have some relevancy to 
the total agency objectives— even though 
it can be remote-one of the major 
requisites for those interested in the 
program is knowing the objectives. For 
this reason, NASA encourages publica- 
tion of reports of its sponsored research 
in a form identical to that used for 
its own in-house technical notes, tech- 
nical memoranda and research reports. 



CRYOGENIC 
transfer LINES 


DK manufactured vacuum jacketed cryogenic 
lines have exceptionally low heat exchange ! 


•®ss 


Take a close look at the design and construction 
of the vacuum jacketed transfer line shown here. 
You'll quickly see why it answers the problem of 
transferring costly cryogenic materials most 
adequately ! 

DK has combined experience, design capability 
and advanced manufacturing technique into pro- 
ducing a wide selection of vacuum jacketed 
transfer lines constructed of flexible metal tub- 
ing. rigid tubing and vacuum jacketed gimbals in 
many combinations. These cryogenic lines are 
finding diverse applications in Airborne as well 
as G.S.E. service. Available in standard sizes or 
in special designs to meet special needs. 

Our new brochure has complete information in- 
cluding test data. Write, wire or phone for a copy 
today. Ask about "vacuum jacketed cryogenio 
transfer lines." 


ID IC M-A.lSTTJFlA-CTTTR.IISrG COM PANY 


DUNBAR KAPPLE DIVISION 
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Flight Photo Shows Bristol T.188 Test Details 


air-to-air photo of Bristol T.188 stainless steel 
is flight research facility, shows square aperture 
:s on port side opposite roundel insignia are ra 
il cone of the stainless steel research aircraft. 


aircraft (AW Apr. 30, p. 58), made during pilot handling trials at Boscomt 
:n of fuselage which is vent for dumping air from air conditioning svsten 
nas and pod at rear holds auxiliary parachute; second parachute is contain! 


Nuclear Missiles Sought for Submarines 


Navy has requested the Atomic En- 
ergy Commission to develop a configu- 
ration of the Project Pluto nuclear 
ramjet engine compatible with a mis- 
sile for launch from Polaris submarines. 

The nuclear-powered missile would 
have the advantage over Atlas, Titan, 
Minutcman, and Polaris of unlimited 
range, omnidirectional strike capability, 
and substantially greater payload. USAF 
is actively studying three missile con- 
figurations for the Pluto engine. 

AEC witnesses, reporting the propo- 
sal for a submarine version in testimony 
before the House appropriations com- 
mittee released last week, also said that 
beyond the immediate goal of an offen- 
sive weapon, an adaptation of the nu- 
clear ramjet engine for a reconnaissance 
vehicle is also being considered. 

Funds Increased 
Air Force plans to increase its funds 
for Pluto from $7 million in Fiscal 1962 
to $24 million for Fiscal 1963. AEC, 
which has already invested almost $100 
million in Pluto research and develop- 
ment since 1956, has earmarked $25 
million for Fiscal 1963. 

AEC estimated that a total of $640 


million will be required over the follow- 
ing three years, 1964-66, to bring Pluto 
through flight test: $500 million by Air 
Force and $140 million by AEC. 

Dr. Glenn T. Seaborg, AEC chair- 
man, told the committee that as a re- 
sult of highly successful tests last fall 
of Tory 2A-1— the first engineering test 



device in the Pluto program— AEC 
dropped Tory 2A-2 and proceeded di- 
rectly to Tory 2C, designed to bridge 
the gap between the engineering test 
device and a flyable powerplant. Tory 
2C testing is scheduled to begin in 
1963. The design, power, operating 
temperature and size of the Tory 2C 
reactor approximate the requirements 
for a propulsion system needed for 
flight at sea level, Seaborg said. 
Management Planning 

AEC and Air Force are now consid- 
ering the type of management which 
should be established for the follow-on 
program to Tory 2C, including devel- 
opment of reactors for ground test and 
flight test, Seaborg reported. "The 
varied and inter-related functions of 
the follow-on program, including the 
development of an airframe and reactor 
and propulsion systems, will require 
close coordination among the partici- 
pants,” he said. 

On other weapons projects, Seaborg 
reported: 

• Project Rover for nuclear rocket pro- 
pulsion. AEC will start design and 
fabrication of reactors in Fiscal 1963 
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for Project Phoebus— AEC’s advanced 
effort to develop high power levels re- 
quired for sophisticated space missions. 
The Nerva nuclear propulsion system, 
the first phase of Project Rover, pre- 
ceding Phoebus, is scheduled for flight 
demonstration in 1966-67. AEC con- 
tracted last July with Aerojet-General 
Corp. and Westinghouse to develop the 
Nerva engine. Seaborg said AEC hopes 
to determine the reactor design for 
adaptation into the Nerva engine dur- 
ing Fiscal 1963. 

• Snap space nuclear auxiliary power 
program. AEC will start procurement 
of long lead-time items in Fiscal 1963 
for the advanced Snap 50 program for 
development of large nuclear-electric 
space plants in the megawatt range to 
serve as sources of power for com- 
munications, television, and radar satel- 
lites. Seaborg noted that Snap 50 will 

3 uire advanced technology in mate- 
s and reactor coolants. 

Technical Problem 
To explore the severe technical prob- 
lems involved, he said, a lithium cooled 
reactor experiment is planned for 1965. 
AEC has earmarked $5 million for 
facilities at the Idaho National Reac- 
tor Testing Station for testing this ex- 
periment, and $1.4 million for modifi- 
cation of facilities at Pratt & Whitney 
Aircraft Division at Middletown, 
Conn., for fabrication of large colum- 
bium components to be utilized in the 
experiment. 



West German F-104 
Operations Resume 

West German air force resumed 
F-104 flight operations early last week 
after grounding the aircraft tor five days 
following the tight-formation air-to-air 
collision of four F-model trainer ver- 
sions on June 19 (AW June 25, p. 35) 
that touched off a new political storm. 


The accident which resulted in the 
grounding order, wiped out approxi- 
mately half of the Luftwaffe’s effective 
F-104 instructor corps and prompted 
charges and debates within parliament 
and the West German press over the 
18-month-old decision to purchase the 
advanced aircraft. A special target was 
Defense Minister Franz Joseph Strauss. 

Air Force and Defense Ministry also 
were criticized for permitting the for- 
mation of an acrobatic team using the 
high-performance F-104, and some 
members of the opposition Socialist 
Party last week were demanding a full- 
scale parliamentary investigation of the 
incident. 

At the time of the accident, the four 
aircraft were practicing on the eve of a 
planned ceremony designed to still 
much of the earlier parliamentary criti- 
cism over the status of the program— 
the formal dedication of the air force’s 
first F-104G fighter wing at the time 
and date specified in original plans. 

After the accident, which apparently 
occurred when two of the aircraft 
brushed wingtips as the group swung 
into a turn and then collided with the 
other two, the ceremony was closed to 
the public, and the aircraft subsequently 
were grounded to avoid any risk of a 
further incident until the protests had 
subsided to some degree. 

Three of the pilots killed were Ger- 
man air force instructors, at Noervenich 
Air Base near Bonn; the fourth was a 
U.S. Air Force captain. 
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'holograph of 
Operational 
System 
TPRS-1 


TELEMETRY PREDETECTION 
RECORDING/PLAYBACK SYSTEM 


LINEAR SYSTEM 
Handles Any 
Type Modulation 


WIDE BANDWIDTHS 

Permit use of the system to record high 
bit-rate PCM signals or standard IRIG 
signals at reduced recorder speeds. 


The TPRS-1 system translates the receiver IF to a portion of the spectrum 
compatible with the frequency response of commercially available wide- 
band magnetic tape recorders. In the record mode of operation the 
widest predetection bandwidth that the system is capable of accepting 
is used. Optimum bandwidth selection is then accomplished during the 
reproduction process. Thus, no changes in field setup are required to 
accommodate various types of data transmission. The recording system is 
linear throughout making use of no limiting process hence maintaining 
the original relationship of signal and noise in its most virgin state. The 
system, therefore, is also capable of handling AM as well as FM data. 

DEI QUALITY CONTROLLED-FROM CONCEPTION THROUGH COMPLETION 


TELEMETRY EQUIPMENTS A 


* 

Defense Electronics, Inc: 

Serving 
Cocemment 
and Industry 

WASHINGTON-ROCKVILLE INDUSTRIAL PARK 
5455 RANDOLPH RD.. ROCKVILLE. MARYLAND 
TWX KENS 793 WHITEHALL 6-2600 



AIR/SPACE INSTRUMENT 
CAPABILITIES 

Rich in experience, ASTEK engi- 
neers pioneered in the develop- 
ment of many of today’s stand- 
ard air and space instruments 
and systems. ASTEK is now work- 
ing on new advanced projects 
that will significantly contribute 
to the routine operation of ad- 
vanced aircraft, missiles and 
space vehicles. 

ASTEK 

INSTRUMENT CORP. 
ARMONK, NEW YORK 
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CAB Examiner Asks 
End to Schedule Study 

Civil Aeronautics Board Examiner 
Edward Stodola has recommended that 
the Board end its investigation of a 
regulation requiring foreign flag carriers 
to file schedules with the U. S. for CAB 
approval. 

In his initial decision on the investi- 
gation, which began early in 1961 (AW 
Jan. 30, 1961, p. 43), Stodola found 
that the frequency and capacity issues 
raised by the proposed regulation are 
"primarily a legislative and political 
problem which should be reviewed and 
passed upon’’ by both the Congress and 
the President. 

Examiner Stodola said, however, that 
limitations on capacity and frequency 
can be imposed upon foreign flag carri- 
ers under section 402 (f) of the Federal 
Aviation Act of 1958. 

In this respect, he said, should the 
Board, after consulting the State De- 
partment, decide not to urge or to 
wait for action by Congress on fre- 
quency and capacity problems, the 
Board should institute individual pro- 
ceedings under section 402 (f) of the 
act against foreign air carriers which the 
U. S. suspects of providing excess ca- 

Stodola expressed doubts that the 
difficulties the U. S. is encountering 
with foreign flag carriers justifies a 
“regulatory control over foreign flag 
carriers of the magnitude implicit in the 
proposed regulation.’’ He added that, 
even were the need for such a regula- 
tion manifest, the Board is not "the 
proper forum for the disposition of the 
serious issues raised by this proceed- 
ing.” 

The proposed regulation called for an 
amendment of foreign air carrier permits 
to require them to furnish traffic data 
and schedules to the Board for ap- 

Such information would provide the 
Board with information on which to 
base the restriction of seat capacity 
offered by a foreign airline. 


Tax on Airline Fares 
To Drop 5% on Nov. 16 

Congress last week passed a compro- 
mise bill reducing the tax on airline 
fares from 10% to 5% effective Nov. 
16. The Senate originally made the 
reduction effective Oct. 1 while the 
House-passed measure called for a Jan. 1 
effective date. 

Both the Senate and House rejected 
the Kennedy Administration’s proposal 
to couple any airline tax reduction with 
new levies on turbojet fuels and air 



STRUCTURES ENGINEERS 

In areas of stress analysis,- strength analysis; fatigue 
analysis; weights; basic loads; flutter and vibration; 

DESIGN ENGINEERS 

In areas of avionics; autopilot; functional navigational 
systems; landing gear. 

PRODUCTION LIAISON 

Represent Project Design in liaison with Manufacturing 
and Tooling. 

DESIGN CHECKERS 

Check technical accuracy, completeness, and compliance 
with Air Force and Lockheed drawing requirements. 


AIRCRAFT DEVELOPMENT SPECIALIST 

Minimum seven years experience in thermodynamic heat 
transfer and/or aerodynamic heat transfer. Propulsion 
and rocket background desirable. 

MATHEMATICAL SPECIALIST 

Ph.D. in Mathematics or Physics or equivalent experience. 
Experience in analysis and formulation of problems to be 
solved by means of large-scale digital computers. 
MATHEMATICAL PROGRAMMING 

Experience in programming scientific problems on 7090, 
709, 704. Working knowledge of APT Systems and coding 
computer programs for numerically controlled machine 


SPECIFICATIONS 

Customer contract negotiations. Engineering degree with 
legal background required. 

Also openings in: 

ELECTRONIC SYSTEMS MAINTAINABILITY 

INSTRUMENTATION MATERIALS AND PROCESSES 

Write full details in confidence to: Hugh L. Gordon, Pro- 
fessional Employment Manager, Lockheed-Georgia Com- 
pany, Dept. NNN-75, 834 West Peachtree Street, Atlanta 
8, Georgia. 


An Equal Opportunity Employer 

LOCKHEED-GEORGIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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WE 

DELIVER 


SPACE 



When you need additional 
floorspace — fast— call MRC. 


Hundreds of MRC mobile units are ready to 
take to the highways all over the United 
States. One phone call puts the wheels in 
motion. Requests for special construction 
and/or equipment receive immediate 
attention. 

Skilled technicians install your new shop, 
custom offices, laboratory, messhall, or bar- 
racks on any type of terrain, to your exact 
specifications. Our service is portal to portal 
. . . when you no longer need the space, we 
remove it. No expensive delays or surplus 
buildings on your hands. 

Write, telephone, TWX for free brochure, 
"New Concepts In Renting Floorspace." We 
Solve your space problems quickly, eco- 
nomically, and thoroughly. Over 1000 
satisfied customers ... Let us help you. 

“ In Principal Cities 
Coast to Coast" 

Mobile Rentals 
Corporation 

14920 S. MAIN ST., GARDENA, CALIF. 
FAculty 1-8500 • TWX CPT 7743 


Settlement of FEIA, 
Airline Dispute Slowed 

Attempts to settle the jet crew com- 
plement issue were slowed last week as 
Flight Engineer International Assn, 
members weighed a settlement proposal 
at Trans World Airlines (AW June 25. 
p. 45), and Pan American World Air- 
ways won extension to July 6 of a fed- 
eral court order blocking an FEIA strike 
there. Eastern Airlines was shut down 
by an engineer strike June 23. 

Judge George Rosling delayed mak- 
ing a final ruling on the temporary re- 
straining order issued June 26 after the 
National Mediation Board offered its 

Eastern Air Lines, which did not seek 
similar court relief, was forced to fur- 
lough 18,000 employes. Eastern spokes- 
men said last week that the airline may 
seek an injunction to halt the FEIA 
strike, which was triggered by member- 
ship rejection of a settlement proposal 
made by Labor Secretary Arthur J. 
Goldberg and approved by FEIA head- 
quarters officers. 

FEIA said it was considering an ap- 
peal to Judge Rosling’s order. Since 
the NMB has already failed in attempt 
to mediate the dispute at Pan Ameri- 
can, FEIA contends that all provisions 
of the Railway Labor Act have been 
complied with and that NMB has no 
further jurisdiction in the dispute. 

Settlement of the crew complement 
issue under the Goldberg proposal 
brought immediate protest from rank 
and file union members at Trans World 
Airlines because H. S. Dietrich, the 
TWA chapter president, agreed to drop 
FEIA demands for retention of a me- 
chanic's license requirement in the 
union’s contract. FEIA members on 
both Pan American and Eastern imme- 
diately voiced the same objections to 
the proposed settlement and called for 
protest strikes. 

Six Airlines to Ask 
Coach Fare Increase 

Six trunklines late last week had indi- 
cated they intend to ask the Civil Aero- 
nautics Board for what woidd amount 
to a 3% increase in present coach fares 
as a means of reducing the diversion of 
passenger traffic from first-class to coach. 

The proposed tariff, which will ask 
a 6% increase to replace the temporary 
six-month 3% raise granted Feb. 1, 
would bring coach fares to about 85% 
of first-class rates. At present, coach 
fares average about 75% of first-class 
rates, which, the CAB feels, is the 
proper relationship for the development 
of new traffic. 

Each of the six carriers seeking the 



JPL Reorganization 

Los Angeles— NASA’s Jet Propulsion 
Laboratory has combined its Space Sci- 
ences and Physical Sciences Divisions into 
a single group to strengthen its space- 

fundamental physical science research, 
according to William H. Pickering, direc- 
tor of JPL (sec p. 156). 

The combined technical division, com- 
prising the eight sections that previously 

be the second largest at JPL, with over 
300 professional and supporting person- 

cess of S30 million dually. 

Previously. Physical Sciences devoted 
itself to basic physical sciences work, 
Pickering explains, while Space Sciences 
activities were geared to flight missions. 
The combination of the two is intended 
to strengthen both, eliminate much of 
the overlap in interest and techniques. 

Robert V. Meghrcblian, formerly chief 
of the Physical Sciences Division, will 
hold that position in the combined divi- 
sion which will retain the name Space 
Sciences Division. Manfred Eimcr, pre- 
viously acting chief of Space Sciences, 
will be deputy chief, Pickering says. 


increase— Braniff, Continental, Delta, 
Eastern, National and Northeast— com- 
plained that revenues were declining as 
more passengers switched from first- 
class to take advantage of the low coach 
fares. For example, Eastern said that its 
percentage of coach traffic rose from 
55.1% in the first four months of 1961 
to 57.4% in the same period of 1962 — 
excluding Air-Shuttle and Air Bus traf- 
fic. 


News Digest 


Bocing-USAF Dvna-Soar manned 
space glider last week was re-designated 
the X-20. The change is intended to 
emphasize the experimental nature of 
the project. 

Navy Cdr. Walter M. Schirra, Jr., 
has been selected to pilot the Mercury- 
Atlas 8 flight late this summer which 
will be planned for as many as six orbits, 
National Aeronautics and Space Admin- 
istration said last week (AW June 4, 
p. 26). USAF Maj. L. Gordon Cooper, 
Jr., will be backup pilot. 

NASA headquarters is expected to 
authorize the addition of five Ranger 
spacecraft (RA-10 through 14) to its 
unmanned lunar exploration program 
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(see p. 160) to take up slack between 
end of current Ranger series next year 
and start of the Surveyor program. 

Parallel six-month study contracts for 
comparative analysis of rocket systems 
for advanced earth-lunar transportation 
systems (AW Apr. 2, p. 16) to establish 
and supply permanent lunar base have 
been awarded by NASA’s Marshall 
Space Flight Center to Lockheed Mis- 
siles and Space Co. ($144,596) and 
Ling-Temco-Vought ($148,897). 

Last of 74-4 B-52s built by Boeing 
rolled out at Wichita Div.'s final assem- 
bly area June 22nd. The B-52H will en- 
ter flight test in July and be delivered 
to Strategic Air Command in Septem- 
ber. Of the total Stratofortress produc- 
tion, 466 have been built at Wichita. 
At peak B-52 production at Wichita, 
employment totaled about 35,000. It is 
now approximately 21,500 and is ex- 
pected to be about 2,000 less by year's 
end. Nearly 4,000 subcontractors in 43 
states were involved in the B-52 effort. 

Sir Leslie Rowan, managing director 
of Vickers, Ltd., has been appointed 
Deputy Chairman of British Aircraft 
Corp. A former British treasury secre- 


New Iroquois Purchase 

House appropriations committee last 
week approved purchase of 41 additional 
Bell Iroquois helicopters by the Army, 
to be financed by transfer of Fiscal 1962 
funds from other Army accounts. 

Army's original Fiscal 1962 budget ear- 
marked S67.6 million for purchase of 242 

eludes S95.4 million (or It«|uSs pro- 


tary, he succeeds Maj. Gen. Sir Charles 
Dunphie, new Vickers chainnan. New 
BAC vice chairman is Royal Air Force 
Marshal Sir Dennot Boyle. 

New York-Florida Renewal Case 
hearing will resume July 9 at the Civil 
Aeronautics Board in Washington, D.C. 
The examiner had postponed the case 
until the Hughes Tool-Northeast Con- 
trol Case was decided (AW June 25, 
p. 40). The renewal case will determine 
whether Northeast continues to operate 
in the Florida market or reverts to being 
a New England regional carrier. 

James J. Kerley will become vice 
president-finance and treasurer of Trans 


World Airlines in mid-July, replacing 
A. V. Leslie. Kerley, now’ vice presi- 
dent and controller of Ling-Temco- 
Vought, formerly held financial posts 
with Ford Motor Co. and Crosley Divi- 
sion of the Avco Corp. 

Aero Commander last week asked 
Civil Aeronautics Board to conduct a 
full-scale investigation into the need 
for third level air sendee to provide ade- 
quate transportation for smaller com- 
munities. The firm asked that the probe 
include possible revision of existing eco- 
nomic and operating regulations, airport 
utilization problems, cost of various air- 
craft types, estimated traffic response, 
and defense, postal and subsidy needs. 

Political uproar over the BOAC- 
Cunard joint venture (AW June 11, p. 
41 ) began last week in London with 
Minister of Aviation Peter Thorney- 
croft denying charges of monopoly and 
defending the association of a public 
company with a private one. Oppo- 
nents in Parliament charged Thomey- 
croft with ‘‘conniving" to place inde- 
pendent airlines inside a monopoly at 
the expense of the Air Transport Li- 
censing Act of 1961, designed to give 
independents a larger share of the mar- 
ket. 


SPECIALIST 

IN HIGH SPEED TESTING j 

S-N can recommend a high speed Increaser : 
unit from present line for high speed : 

= testing from 2-2,000 HP for = 

= 80-80,000 RPM. S-N will = 

— specification. Information on ^5 
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RO„ GREAT NECK, NEW YORK 
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MISSILE GROUND SYSTEMS AT 

AEROSPACE CORPORATION 

Positions are available at Aerospace Corporation in Southern 
California and Florida for assignments in the planning and pre- 
liminary design of facilities and ground support equipment for 
future weapon and space launching systems. 

These assignments involve site selection, safety analysis, silos, 
mobile launchers, propellant systems, gantries and ground 
handling equipment, as well as the planning of facilities for 
production, static test and component test. 

Successful applicants will be required to perform such specific 
assignments as: preliminary design and cost effectiveness 
studies of ground systems for various weapon deployment 
modes; analyses of operational support and maintainability; de- 
velopment of new and economical concepts for launching and 
recovery; and the definition of ground support equipment, 
schedules and costs for future missile systems. 

Candidates for these positions should have at least five years 
experience in the design, construction or operation of rocket 
static facilities, missile launching facilities, or ground support 
equipment. Broad knowledge of site activation problems, count- 
down procedures, propellant handling systems, and missile test 


twelve years of professional engineering experience. 

Qualified applicants are invited to contact Aerospace Corpo- 
ration, an equal opportunity employer. Write to Mr. Charles 
Lodwick, Room 301, P.O. Box 95081, Los Angeles, California. 


AEROSPACE 

vC/ CORPORATION 

science and technology / or the United States Government. 
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"Tlxe is-fllix” 



Grumman has the "Mix” for the systems oriented engineet 
The variety of missions, for which he designs systems and ve 
to Spacecraft ), provides multiple challenge and with the mt 
laboratory and test facilities at his fingertips, enables him to sub 
ories and designs to immediate verification. 

The work atmosphere, unique in its informality, encourages him 
THE MISSIONS direction where his talents best lie. 

In brief, Grumman offers the engineer and scientist opportunity, n 
narrow area, but rather in the amalgam of missions, facilities, work o 
vehicles that bring him to his optimum professional level. The "spre 
diate opportunity exist in the following areas: 

Research • Plasma Physics • Molecule-Surface Interaction • Experimt 

• Computing Research • Hypersonic Aerodynamics • Applied Mathematics • . 

• Magnetohydrodynamics • Metallurgy Research 
• Digital Computer Systems • Radar Development • Da 
xa Design • Automatic Flight Control Systems • Electronic Cc 

• Communications Systems • Laboratory Equipment • Production Electronics i 
Dynamic Analysis • Aircratt, Missile & Space Dynamics • Flutter 

• Control Dynamics • Guidance Dynamics • Simulation Dynamics • G 

• Acoustics & Environmental Vibration 


or scientist, 
i cles (ASW 
t advanced 


Electronics • 

• Radome • . 



Weapons Systems • Digitally Controlled Systems • ASW Systems • Warhead Effects 
• Systems Simulation 

Plant Design • Environmental Control 


Systems Design • Escape Systems • 
• Airborne Equipment Design 


Structures • Stress Analys 
Structural Design 

Propulsion • Thermodynamics 


Applied Loads Analysis 


THE VEHICLES 



THE OPPORTUNITY 
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Immediate Boein 
openings on 



The advanced Saturn will be the free world’s 
largest rocket and one of the first developed 
specifically for scientific space programs. 
Boeing has been awarded primary develop- 
mental, building and test responsibility for 
the advanced Saturn first stage booster. This 






The huge advanced Saturn will stand about 
350 feet high and measure 33 feet in 
diameter. Its takeoff weight is estimated at 
approximately six million pounds. The Boeing 
first-stage booster, powered by a cluster of 
five engines, will have a total thrust of 
7.5 million pounds. 

Boeing’s newly formed Saturn Booster Branch 
has a number of long-range openings offering 
exceptional ground-floor opportunities. 
Immediate assignments are available to 
engineers in the following fields of interest: 
structures, electronics, propulsion, systems 
test, aeronautical, reliability, vibrations, 
acoustics, loads, support equipment and 
electrical, as well as cryogenics, stress 
analysis and thermodynamics. 

Assignments will be in New Orleans or 
Huntsville, Alabama. Other Saturn openings 
— as well as assignments on such additional 
Boeing missile and space programs as the 
Minuteman ICBM and the Dyna-Soar 
boost-glide vehicle — are available at Seattle, 
Cape Canaveral and Vandenberg AFB. 
Boeing pays liberal travel and moving 
allowances to newly-hired engineers. 

You’ll find space in the application below 
to indicate your special interests. Fill 
in and mail today. 


- FORM BEGINS ON PREVIOUS PAGE 


EMPLOYMENT HISTORY (Attach Resume) 

1 



, II 

LIST TYPE OF WORK PREFERRED UPON 
EMPLOYMENT: 


Position A Duties 



Have you ever been cleared for classified military informa- 

4 1 1 

REFERENCES. Give full names, occupations and addresses. 
Professional ( previous supervisor preferred ) : 

2 

Character (other than relatives or former employers) : 

May we contact your former and present employer prior to 

completion of employment negotiations? Yes No 

If “yes,” I authorize, without liability, the release of all 
employment and personal information. 

RETURN TO: MR. R. R. GREGG, THE BOEINC 
COMPANY, P. O. Box 1680 - AWK, Huntsville, Ala. 
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ENGINEERS 

INSTRUMENTATION 

CONTROLS 

FOR DESIGN OF SATURN 
AND NOVA TEST FACILITIES 

Prefer graduate engineers with 
several years experience in Test 
Facilities or related fields to 
design: 

TEST INSTRUMENTATION 

Transducers, Telemetering Sys- 
tems. Data Acquisition, Trans- 
mission and Processing Tech- 

AUTOMATIC CHECKOUT SYSTEMS 
Checkout of Components and 
System Test Instrumentation 
Calibration, Test Programming. 

FACILITY INSTRUMENTATION 
AND CONTROLS 

Propellents, Cooling Water, Gas 
and Miscellaneous Systems. 
Communications. Warning Sys- 



IBM Space Guidance Center 


viding interesting and challenging 
engineering work in the design of 
NASA test facilities. 

Engineers who qualify will be given 
an opportunity to grow with 
an ever expanding engineering 

Submit complete resume. 

SVERDRUP & PARCEL 

and 

ASSOCIATES, INC. 

915 Olive Street St. Louis 1, Mo. 
An Equal Opportunity Employer 


IBM engineers and scientists are helping to mapthe heavens by devel- 
oping a digital data processor and memory for the NASA Orbiting 
Astronomical Observatory (OAO). 

The memory, largest of its type for space application, will collect ob- 
servations free of the earth's atmospheric distortion. As the vehicle 
orbits at 18.000 miles/ hr., the data processor will tell the OAO's sen- 
sitive telescope where and when to look, check for occulted and mal- 
functioning star trackers, start and stop each experiment. Over 
200,000 bits of information, stored in the satellite's random-access 
memory, can be telemetered to the ground in 7.5 seconds. In design- 
ing the memory and processor, a redundancy technique provided a 
system far more reliable than conventional designs. 

Other projects include: guidance and control systems for manned air- 
craft, satellites, spacecraft, submarines, and other vehicles. Engineers 
and scientists are invited to inquire about openings in . . . reliability 
statistics; logic design; circuit design; programming; quality engineer- 
ing; control systems engineering; solid-state physics (radiation effects 
studies); mechanical engineering (heat transfer/stress analysis). 
IBM is an Equal Opportunity Employer. 

Please write, outlining your background 
and interests: Fred Guth, Dept.|524Tl, IBM 
Space Guidance Center, Owego, New York. 


IBM 
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Communication 

Project 

Director 

Raytheon’s Missile & Space Division in Bedford, Mass, 
(suburban Boston) has an immediate opening for a Project 
Director to lead analysis of the application of new tech- 
niques to communication system requirements, perform 
feasibility demonstrations, determine optimum configura- 
tions, and direct equipment design. In this position. Project 
Director will lead groups of senior development engineers 
at Raytheon's Bedford Development Laboratories. 

RESPONSIBILITIES: 

• Project Director of communication system conceptual 
design and equipment development. 

QUALIFICATIONS: 

• 5-10 years’ communication equipment systems and de- 
sign experience. 

• Particular emphasis in areas of communication theory, 
LF-HF propagation, digital modulation, transmitting- 
receiving equipment, antenna design. 

• B.S. required. M.S. preferred. 

Please forward your resume or phone collect to Frank 
DeChristopher, CRestview 4-7100, ext. 2138, Raytheon 
Company, Missile & Space Division, Bedford, Mass. 



MISSILE &. SPACE DIVISION 





An Equal Opportunity Employer 


"Put Yourself in the Other Fellow's Place" 



s-s,r:tTK;r& 



McGRAW-HILL PUBLISHING CO., INC. 



ADVANCED PROPULSION 

RESEARCH 


REPUBLIC 

AVIATION CORPORATION 




SOPHISTICATED 

ENGINEERS 










Experience summer in NEW ENGLAND 

while you talk about your career with expanding 

HAMILTON STANDARD 


Find out firsthand how refreshing life can be in New England 
during summer. Visit us in suburban Windsor Locks, Con- 
necticut, and see how the location enables our people to 
take full advantage of recreational facilities — and see how 
the company offers the stimulating challenges so essential to 



We offer company-sponsored graduate study programs at 
three nearby colleges, in addition to many other substantial 
employee benefits. 


Hamilton Standard, as part of United Aircraft Corporation, 
serves industry, commerce and defense with an unmatched 



Hamilton United 

Standard Aircraft 

Windsor Locks, Connecticut 



ENGINEERS/ SCIENTISTS 4ML 

WHERE IS OPPORTUNITYp 


Today all technologies stand on the very threshold of 
amazing breakthroughs. Needless to say, every scientific or 
engineering discipline offers the ambitious, able individual 
plentiful opportunity to make a professional mark for him- 
self. However, the question arises, which of the many fields 
offer the most opportunity? ■ We at Brown Engineering Co. 
feel that the answer is the space technology. Our nation is 
committed to a space exploration program that is the most 
ambitious scientific effort ever undertaken. This program will 
extend over a period of many decades and the complex prob- 
lems waiting to be solved are unnumbered. ■ Brown Engineer- 
ing is a company that is playing an increasingly important 
role in this unprecedented scientific adventure. ■ Brown is a 
young, dynamic company that has grown from 27 employees 
to 1150 that presently occupy new, modern facilities in the 
neighborly city of Huntsville, Alabama, space flight capital 
of the Free World and home of the George C. Marshall Space 
Flight Center. ■ You will associate with acknowledged leaders 
in the space technology, and work on programs ranging from 
massive GSE equipments for SATURN to advanced electronic 
circuitry for other sophisticated space vehicles. Qualified 
applicants will receive a generous salary, liberal benefits and 
promotional opportunities based on individual contributions. 


Professional openings available for:. 

ELECTRONIC ENGINEERS-Graduate engineers with experience 
in circuit design, microwave, electronic packaging printed 
circuit techniques, communications, infrared optical gear and 
environmental test. 

MECHANICAL ENGINEERS-BSME to perform challenging 
assignments in electro-mechanical design including ground 
support equipment for space and missile hardware. 
RESEARCH ENGINEERS— With advance degree in physics, aero- 
nautical engineering, electrical engineering, or one of the 
engineering sciences, to perform as a member of our scien- 
tific research staff working on analytical studies in the physics 
of fluids at high temperatures, thermodynamics, high altitude 
simulation and experimental plasma physics. 

STRUCTURAL ENGINEERS-BS degree in aeronautical, civil or 
mechanical engineering with minimum of 3 years experience 
in stress analysis, structures and vibrations. 

ADDITIONAL POSITIONS INCLUDE: 

• Computer Programmers • Technical Illustrators • Techni- 
cal Writers ■ Engineering Checkers • Engineering Designers 


All inquiries will receive prompt attention, i 
Submit resume including salary requirements 
fence to: Personnel Manager, Department AW-2 I 


HROWIV 

Engineering VCfiriripAriy, Inc. 


CHALLENGING 

first in VTOL aircraft 

at SIKORSKY 

SPACE AGE 


CAREERS 

in military and commercial "fields, are ac- 

IN CREATIVE 

challenging areas in the entire aircraft in- 

ENGINEERING 

Dression^of 3 their mnfes^nnal rom' nVnntt 


/ . 

AERODYNAMICISTS 
ELECTRONIC GSE 
PRELIMINARY DESIGN 
ENGINEERS 

AIRFRAME DESIGNERS 


Shahroy, 3 f^erso'nneV De^rtment.° L *° J- 

Sikorsky Aircraft --W .... 

STRATFORD, CONNECTICUT An Eq 

cl Opportunity Employer * * 


A 

NEW _ 

DIRECTION 
IN 

AEROSPACE 
TECHNOLOGY* 
thru 

WEIGHTS CONTROL 

RESEARCH 



REPUBLIC 

AVIATION CORPORATION 
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NEW OPERATIONS, NEW BUILDINGS, 
ENLARGEO STAFFS, SOLID FINANCIAL 
CORPORATE BACKING 


It is our management philosophy to provide 
thoroughgoing financial support and firm 
long range executive planning, when a new 
operation is initiated. The depth of commit- 
ment to the new Aerospace Group is demon- 
strated by measures already taken: 


...for the New Research Center 



...for the New Aerospace 
Systems Division 



NEW AEROSPACE SYSTEMS DIVISION 
STARTS LIFE WITH MULTI-MILLION 
DOLLAR CONTRACT BACKLOG 


The Aerospace Systems Division has been 
established primarily to obtain and manage 
major guidance and control systems business 

nical and program management group 
staffed to manage all aspects of the system. 
It will design the systems, integrate the 
various components, assemble and test the 
complete system and be responsible for 
test and checkout equipment in the field. 
It will procure the best available equipment 
regardless of source, consistent with the 
requirements of customer and mission. 

The Division is staffed by engineers and 
scientists skilled in the specification, check- 
out and integration of equipments in the 
following areas: propulsion; aerodynamics; 
structures and flight control systems; guid- 
ance systems utilizing analog and digital 


aerospace radiation equipment including 
radar, optical command, digital control and 



AS IT BROADENS ITS AREAS OF ENDEAVOR 


Your inquiries are invited. If you are in- 
terested in contributing to major aerospace 
systems with a company noted not only for 
its technological contribution but for its 
ability to create new advancement positions 
for its staff, find out about these "ground 
floor" opportunities. Openings exist in all 
the following areas: 

ADVANCEO PROGRAMS & ENGINEERING 

tactical; strategic; space 

AEROSPACE ENGINEERING 

Flight Control 

Propulsion 

Structures 

ASGSE Equipment 

Astro Sensing 

Data Reduction t Analysis 

Digital Systems 

Management Control 

Guidance & Navigation 

Telemetry 

Command & Control 

Analysis 


Write in confidence to Mr. Joseph B. Heimann, President, Aerospace Systems Division 

GENERAL, 

PRECISION 

AEROSPA6E 

1150-1 McBRIDE AVENUE, LITTLE FALLS, NEW JERSEY 
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move up to the space age 
challenges at SIKORSKY 

Helicopters enter the space age with the distinction of being the most successful 
VTOL vehicles in the entire aircraft industry. And the challenge and scope of 
such engineering progress at Sikorsky is wide-ranging — in military operations, 
in commerce and in industry. The breadth of the exciting future ahead is evidenced 
by current usages of VTOL systems in: space capsule recovery • anti-submarine 
systems • equipment and personnel transport • rescue missions • airport passenger 
travel • industrial transport and personal transportation. 

For today . . . and the tomorrows ahead. Sikorsky requires widely varied talents 
to build and further develop VTOL systems to the degree of sophistication 
demanded by advancing technology. Our needs continue for men with experience 
in such areas as: aerodynamics • human factors engineering • automatic 
controls • stress engineering • weight prediction • systems analysis 
• computer programming • mechanical design • autonavigation systems 
. . . among others. 

If you are the engineer who thrives on demanding assignments — if you work best 
in an environment of constant and stimulating challenges — we would like to 
evaluate your role in Sikorsky’s future. Please send your resume, including 
minimum salary requirements, to Mr. Leo J. Shalvoy, Personnel Department. 



Sikorsky Aircraft »»»«~ 


U 

Pi 
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You can be sure 
to play an important part 
in the exploration of space 
...when you join NASA 



A factual statement on career opportunities for scientists and engineers 
from James E. Webb, head of NASA 


The exploration of space, for peaceful purposes 
and the bonefit of oil mankind, is the most chal- 
lenging assignment ever given to the American 
scientific and engineering community. 

To the men of NASA, the space program has 
many objectives: broad scale, rapid advancement 
of scientific knowledge of space, the moon and 
planets . . . the creation of a worldwide opera- 
tional network of weather satellites . . . the estab- 
lishment of a global satellite system of communi- 
cations . . . prompt feedback of space technology 
into our economy . . . and many others. Techno- 
logical advances through our space effort will 
bring total benefits exceeding those of any other 

The scientists and engineers who are directly 
with formidable research and development 


scientists and engineers in all disciplines, at all levels: 


The dynamic expansion of NASA has created 

for rapid advancement. Career appointments are 
available in ten different locales: Washington, 
D. C.; Greenbelt, Maryland; Mountain View and 
Edwards, California; Hampton and Wallops 
Island, Virginia; Cleveland, Ohio; Huntsville, 


We will provide the professional men who join 
NASA with the tools they need: a truly intel- 
lectual atmosphere, a framework for easy com- 
munication with colleagues in universities as well 
as government and industry laboratories, the 
most advanced equipment available, and the 
technical and clerical support to let you concen- 

Still, the greatest personal satisfaction may bo 
found in the scope of the individual assignment 
and in the end product of the work — breaking out 
from the world we know into an entire new world 
and uncovering a flood of new benefits not only 
for ourselves, but for all mankind. 



t. 


Alabama; Cape Canaveral, Florida; and Hous- 
ton, Texas. 

American space effort. You need send only one 
resume — it will be reproduced and distributed 
to all NASA facilities for evaluation. 


Write to: Director, Professional Staffing, NASA 
Headquarters, Washington So, D. C. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 




TYPICAL ENGINEERING PROJECTS IN PROGRESS 


LIQUID ROCKET ENGINES ■ ADVANCED SUPER- 
SONIC AIRCRAFT P0#ER PLANTS ■ FUEL CELLS 

ip 

MAGNETOHYDRODYNAMICS ■ AEROSPACEPLANE 
PROPULSION SYSTEMS ■ NUCLEAR POWER ■ 
SOLAR ENERGY^ONVERSjrON ■ ADVANCED 
CONTROL SYSTEMS ■ CRYOGENICS ■ THERMI- 
ONIC AND THERMofeiBCTRIC CONVERSION ■ 
ADVANCED MATERIALS DEVELOPMENT ■ SPACE 
VEHICLE MISSION ANALYSIS ■ TURBOJETS 


ENGINEERS: plan your space age careers 
. . . in CONNECTICUT or FLORIDA 


Wide-range opportunities exist for the creative engineer at the East Hartford, 
Connecticut Facility and Florida Research and Development Center of Pratt 
& Whitney Aircraft. 

Stemming from more than 35 years of leadership in the flight propulsion 
field, P&WA is assuming an ever-growing role in • space technology • in 
military and industrial powerplant development • in surface locomotion 
• in marine and submarine propulsion and in • a varied field of energy 
conversion systems. 

EXCELLENT FACILITIES: Privately owned facilities provide for the accelerated 
development-testing of advanced powerplants, advanced rocket motors, high 
mach turbo jet engines, and full-scale rocket components. Further assisting 
our engineers are comprehensive automatic data acquisition and processing 
systems, including the latest in computing facilities. 

Openings exist at all levels of experience for engineers and scientists who 
want to work as part of a team dedicated to maintaining Pratt & Whitney’s 
position of leadership in the future. 


Please submit your resume, including minimum salary requirements, to: 

MR. P. R. SMITH, OFFICE 70 MR. J. W. MORTON, OFFICE 70 

PRATT & WHITNEY AIRCRAFT PRATT & WHITNEY AIRCRAFT 

410 MAIN STREET -or— WEST PALM BEACH 

EAST HARTFORD 8, CONNECTICUT FLORIDA 

All replies will be handled promptly and In complete confidence. 


Pratt & Whitney Aircraft 

An Equal Opportunity Employer 
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FOR SALE 

a'rfttn t. E Mc'^M.OOcT" 

ANSOR CORP. 

Searchlight Section 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 




CHICAGO II: ns -V. Klf/lloon dee. 
SAX FRAXCISCO it: ASS Cali/omta SI, 

Let Us Move 
Your Mobile Home 


B. 0. A. C. 

invites offers for 

BUSINESS OPPORTUNITY 

Natfonal °° 0 'Z q 


LOCKHEED CONSTELLATION 
749A AIRCRAFT 

with large rear freight door 

Independent, Test Laboratory. ^Lox Angeles 

lact at TEmpt# 5-8441. Tulsa. Okla.. or 


FOR SALE 

Yellow Vagei ”nder "Trailer Transporting" 


DOUGLAS DC7C AIRCRAFT 

with 88 seat economy interiors 

Executive DeHavilland Dove — -aero time on- 

SAFE SWIFT SURE 


jteeo Super O.^Beeoheraft — total time ^ *00 

plnce^high density seating. FS-8424, Avia- 

National Trailer 

Convoy, Inc. 
Tulsa, Okla. 


BRISTOL BRITANNIA 
102 AIRCRAFT 

G ru mm fl n^G 4 4 Super^ Widgeon— -total _ ttma 




with 92 seat economy interiors 


A-l-R- CORPORATION 


EARLY DELIVERY 




Full particulars available from 

Grumman^ Goose, asking S10.000.00 _ lerry- 

F.A.i Certified Rce«.r St.I.on Ho. 4004 


British Overseas Airways Corporation, 

025 R/E 350. ^Dean Franklin Aviation 



Building 209, 


OAKLAND INTERNATIONAL AIRPORT 
OAKLAND, CALIF. 


Telephone Skyport 5511 Ext. 2404 

Miami. Fla. 




WHERE 
TO BUY 

A & J MACHY. CORP. 

130-32 JACKSON ^ST., ^ BROOKLYN 11, N. Y. 


CONVAIR 240 
EXECUTIVE, AIRLINE 
or UTILITY TYPE 
FOR SALE OR LEASE 





cevti^ied eUwtaft quality 

INTERNAL — EXTERNAL DAI TC 
5£»| HIGH TEMPERATURE DUL 1 J 
... 1300 le 1800“ Applicotions 

■■OXYGEN EQUIPMENT 

Wml AERO Seles and Servlet 


AIR TRANSPORT LEASING 
CORPORATION 





JETSTAR RATE SWITCHES 
B5S INTEGRATING GYRO 

Exhaust Systems and Related Components 

^ AVAILABLE FROM STOCK ^ 

OVERHAUL SERVICE 

Watch - 

WANTED 

THREE CV-340 OR CV-440 AIRCRAFT 

as&sg^Sf^aras 

the Searchlight Section lot 
Equipment 

and Employment Opportunities 

AEROVIA5 VENEZOLANAS, S.A. 

WRITE FOR DETAILED DATA SHEETS 

LAWRENCE AVIATION INDUSTRIES, INC. 
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• History of rocketry from 13th Century Chinn to the present symbolized 

Bell research makes MAJOR CONTRIBUTIONS to aviation, missile and space programs 


agena rocket engine - Stop-and-start engine for the Air 
Force and NASA satellite and space probe programs. It has put 
in orbit more payload than any other engine. 
hipernas - High Performance Navigation System. Designed 
for the U.S. Air Force, this self-compensating, pure inertial 
guidance system can pinpoint a long-range missile on target, or 
guide a satellite or space ship to any point in the universe. 
vtol aircraft- Bell built the X14A now being used by NASA 
to evaluate VTOL flight characteristics. First flown six years 
ago. it was followed by design of the 8 engine DI88A VTOL 
Fighter-Bomher for the U.S. Air Force and Navy. Bell cur- 
rently is competing for other contracts in the VTOL field. 


STEERING GEAR FOR MERCURY ASTRONAUTS - J e t Reaction 

Controls, developed by Bell, control the roll, pitch and yaw of 
the Mercury capsule in space. 

bell rocket belt- First portable rocket device to give man 
free flight. Publicly demonstrated at Ft. Eustis. Va„ June 8. 1961, 
it is now being studied by the Army for ship-to-shore landings 
and carrying the foot soldier over streams and rugged terrain. 

als -All-weather, automatic Aircraft Landing System. This 
electronic "window in the sky" automatically guides planes to 
safe landings in foul weather, at night, even in heavy seas. Pur- 
chased by Navy for installation on 10 modern aircraft carriers. 



BELL AEROSYSTEMS COMPANY • Buffalo 5, N. Y. 


. textronl company 


JUL. 5 1962 



Phantom H Fighter and Attack Aircraft • 

Project Mercury, AerobaHistic and Re-entry Research Spacecraft • 

Talos and Typhon Missile Airframes and Engines • Quail Decoy Missiles • 
Rotorcraft • Electronic Systems • Automation 


MCDONNELL AIRCRAFT • ST. LOUIS 


MANNED 
SPACE FLIGHT 
IS A PROVEN 

MCDOIMIU. 


More than a year before our nation 
issued a call for a manned space 
vehicle, the industrial team 
at McDonnell began design 
of the Project Mercury 
spacecraft that has launched 
America’s Manned 
Space Exploration 

PAPARII ITV program. The knowledge 

UHI null. I I I and experience gained by 

McDonnell as prime contractor to the National 
Aeronautics and Space Administration for Project 
Mercury can provide the continuing impetus needed 
to meet new and more demanding space 
programs. McDonnell is now designing 
and building Gemini, a two man 
Spacecraft for long term 
orbital missions and capable 
of rendezvous with another space 
vehicle while in orbit 
around the earth. 


MC&OIMNEL.L. 


Employment opportunities exist for engineers and scientists. Write: Professional Placement, McDonnell Aircraft, St. Louis 66, Missouri. An equal opportunity employer. 


